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DBSCRIPTION 

DIPEPTIDYL PEPTIDASE-I, CLONING IT, AND THERAPEUTIC AGENTS 
CONTAINING INHIBITORS THEREOF 

5 BACKGROUND OF THE INVENTION 

The government has certain rights in the present 
invention pursuant to NIH grant AI 24639. 

10 1. Field of the invention 

The present invention relates to the field of immune 
disease treatments and therapeutic agents. The invention 
also relates to the identification of the human 

15 dipeptidyl peptidase- I gene and the preparation of 

antisense oligonucleotides thereto. Methods of treating 
immunologically-mediated diseases and malignancies of 
myeloid cell or cytotoxic lymphocyte origin are also 
related to the field of the present invention, 

20 particularly methods using particular enzyme inhibitors 

or antisense oligonucleotides specific for inhibiting the 
expression of human dipeptidyl peptidase- I. 

2. Description of the Related Art 

25 

Dipeptidyl peptidase-I (DPPI) , previously known as 
cathepsin C, is a lysosomal enzyme that is present in 
high levels in natural killer cells, cytotoxic 
lymphocytes, cytotoxic lymphocyte precursors, and myeloid 

30 cells. Cytotoxic lymphocytes and myeloid cells have been 
shown to contain high levels of dipeptidyl peptidase-I 
(DPPI) within the specialized cytoplasmic granules of 
these cells. 5 " 7 While DPPI has long been noted to be 
present at higher levels in spleen and other lymphoid 

35 organs as compared to liver or other solid organs, 8 it was 
only with the elucidation of the role of DPPI in Leu-Leu- 
OMe -mediated toxicity that this enzyme appeared to be a 
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phenotypic marker of myeloid cells and cytotoxic 
lymphocytes . 

DPPI activity has been examined in populations of 
purified lymphocytes, myeloid cells and cells of non-bone 
marrow origin. The amount of DPPI activity in these cell 
types was found by the present inventors to exceed that 
of non-cytotoxic lymphocytes, B cells and cells of non- 
bone marrow origin by up to 20- fold. 



DPPI isolated from rat, bovine and porcine tissues 
has been previously shown to be a lysosomal hydrolase 
capable of sequentially removing dipeptides from the 
amino -terminus of suitable substrates. 10 " 13 Highly 

15 purified human splenic DPPI has also been shown to 

demonstrate this substrate specificity. From these 
reports, the present inventors have determined that a 
peptide or protein must have an unblocked amino- terminus 
and the terminal residue cannot be arginine or lysine in 

20 order to be a suitable substrate for human DPPI. In 
addition, the bond to be cleaved must not involve a 
proline residue. It is clear that with these few 
limitations, DPPI has a broad substrate range. 

25 DPPI has been characterized as the only known 

members of the papain enzyme family that exhibits only 
exopeptidase activity. DPPI has also been characterized 
as an unusually large molecule, having a molecular weight 
of 200,000 Da. The other non-DPPI lysosomal thiol 

30 proteases are generally monomeric proteins with molecular 
weights less than 30,000 Da. As a member of the thiol- 
dependent peptide hydrolases, DPPI is inhibited by 
general thiol -modifying reagents, such as n- 
ethylmaleimide, mercurial salts and iodoacetate, by thiol 

35 protease inhibitors such as the cystatins and 

specifically by the active site directed inhibitor, 
glycyl -phenylalanine diazomethane . 17 " 19 
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In addition to the above -described hydrolytic 
activity, these forms of DPPI have also been shown to 
catalyze the polymerization of dipeptide amides and 
esters . 6,7 » 9 » 20 " 24 This polymerization activity is favored at 
5 neutral to alkaline pH, but exhibits a substrate 

specificity comparable to an acidic hydrolytic activity. 
The ability of DPPI to polymerize dipeptide esters 
mediates the toxicity of Leu-Leu-OMe, as this molecule is 
known to be polymerized to longer peptide chain lengths 

10 and is responsible for the toxicity observed with this 
dipeptide ester within DPPI -enriched cells. 6 * 7 These 
extended (Leu-Leu) n -OMe polymers, are capable of lysing 
red blood cells and may have similar effects on the 
intracellular components of the cells that are sensitive 

15 to Leu-Leu-OMe. 6 ' 7,9 

The role of DPPI in such toxicity was identified by 
the present inventors through the use of specific 
inhibitors of DPPI activity, in particular Gly-Phe-CHN 2 . 

20 While the DPPI dependence of Leu-Leu-OMe toxicity 

characterized by the present inventors provided the 
initial motivation for the purification and 
characterization of this enzyme, the high level of DPPI 
expression in lymphocytes with cytolytic potential and 

25 myeloid cells suggested that an unknown, yet potentially 
important role for DPPI existed in the function of 
lymphocytes and myeloid cells. The pattern of DPPI 
expression and its spectrum of enzymatic activity 
suggested to the present inventors that DPPI played a 

30 role in the post-translational processing and activation 
of a family of serine proteases expressed only in cells 
of bone marrow origin. 

Lymphocytes with cytolytic potential, natural killer 
35 cells, mast cells, and granulocytes express distinct 
members of a family of serine proteases that have not 
been identified in other cell types. 25 ' 84 These distinct 
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members of the serine protease family of enzymes include 
the granzymes (found in lymphocytes, natural killer 
cells) , mast cell tryptase and chymase (found in mast 
cells) , leukocyte elastase, cathepsin G, and myeloblastin 
5 (found in granulocytes) (Table 1) . 



Table 1 

Serine Proteases of Bone Marrow Derived Cells 



Protease 


Cell Type 


granzymes 


cytotoxic T lymphocytes, natural 
killer cells 


tryptase 


mast cells 


chymase 


mast cells 


elastase 


granulocytes , immature 
myelomonocytic cells 


cathepsin G 


granulocytes , immature 
myelomonocytic cells 


myeloblastin 


granulocytes, immature myeloid cells 



While, these enzymes share some structural and 
catalytic features with pancreatic serine proteases, such 

20 as trypsin, they have other features that make them 
unique . The pancreatic serine proteases are stored 
within the pancreatic exocrine cells in an inactive 
proenzyme or zymogen form, 49,50 and are synthesized with a 
typical signal sequence that directs them into lumen of 

25 the endoplasmic reticulum. When the signal peptide is 
cleaved off the nascent protein chain, an "activation" 
peptide is retained which limits proteolytic activity 
until the protease is secreted from the cell. The 
presence of the "activation" peptide is common among the 

30 pancreatic proteases. The length of the activation 

peptide varies from 6 to 20 residues, but always ends 
with an arginine or lysine. 51 " 53 Therefore, each of the 
pancreatic proteases can be isolated as a zymogen and 
activated by treatment with trypsin. The proteases of 
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the complement or clotting cascades are similarly 
secreted as "inactive" zymogens into the circulation that 
are activated by cleavage at a specific arginine or 
lysine (trypsin-sensitive) residue . 54 

5 

In contrast to the pancreatic serine proteases, the 
serine proteases of bone marrow cells have only recently 
been isolated in an inactive zymogen form. 55 The inactive 
zymogen form of these enzymes does not accumulate in 

10 cells. Rather, they are transient proteins that limit 

the activity of the enzyme between the site of synthesis 
and the cytoplasmic granule, the site where active 
proteases accumulate. The structure of the synthetic 
intermediates of these serine proteases was originally 

15 deduced from genomic or cDNA cloning studies. All of 

these serine protease genes contain sequences encoding a 
typical signal peptide that directs them into the 
endoplasmic reticulum, followed by a dipeptide predicted 
to serve as the activation peptide, and then the amino- 

20 terminus of the mature enzyme. 25 " 48 These features are 

illustrated by the junction sequences of human cathepsin 
G (HCG) , leukocyte elastase (HLE) , myeloblastin (MYB) , 
and granzyme A (HGA) (Table 2) . The amino -terminus of 
the active form of each enzyme isolated from cells is 

25 underlined. The consensus signal peptidase cleavage site 
and the cleavage site required to obtain the mature 
enzyme are marked by arrows. 
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It is clear from the sequences shown above that, 
with the exception of granzyme A, the processing of these 
serine protease enzymes could not be carried out by a 
trypsin-like protease. Therefore, a distinct mechanism 
5 must exist for the activation of the serine proteases. 
Inspection of the deduced amino acid sequences of the 
serine proteases associated with bone marrow derived 
cells suggested to the inventors that in each case, the 
dipeptide "activation" peptide would be a suitable 
10 substrate for DPPI. 

Salvesen and Enghild demonstrated the transient 
presence of a dipeptide -bearing form of elastase and 
cathepsin G in U-937 cells 80 . This form was judged not to 

15 be catalytically active based on failure to interact with 
an affinity matrix, aprotinin-agarose. However, there 
was no direct measurement of hydrolysis of specific 
peptide or protein substrates. In addition, the enzyme 
responsible for the dipeptide processing and activation 

20 of these serine proteases has not been identified. The 
identification of the enzyme responsible for the 
processing/activation of serine proteases was, however, 
believed to be important to characterizing and 
controlling the cell-mediated cytotoxicity caused by cell 

25 types found by the present inventors to have high 
concentrations of these enzymes. 

Cell mediated cytotoxicity has been shown to be a 
major component of immune responses directed against 

30 allogeneic tissues. 3 * 6 Defining the role of cytotoxic 

lymphocytes during evolution of alloimmune responses is 
made difficult in part because of the heterogeneity of _ 
functions mediated by pheno typically similar lymphocytes. 
Whereas studies of both human and murine T-cells have 

35 indicated that the bulk of T cytokine production and 

helper function is mediated by CD4(+) T-cells, and as the 
majority of cytotoxic effector cells are CD8(+), a number 
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of exceptions to this generalization have been noted. 
For example, in alloimmune responses, both T-cytokine and 
T- cytotoxic responses directed against Class II MHC 
differences have been shown to be mediated by CD4(+)T- * 
5 cells, whereas isolated Class I MHC differences stimulate 

cytokine and cytotoxic responses from CD8 ( + ) T-cells . 9,1 ° • 
Therefore, expression of CD8 or CD4 cannot be used to 
identify T-cell subsets which specifically manifest 
cytotoxic activity. 9 " 11 

10 

Approaches based on differential screening of cDNA 
libraries have identified "CTL specific" serine proteases 
including granzymes A-G in the mouse and granzyme A and 
granzyme B in the human. 12 " 18 Transcription of genes for 
15 these proteases precedes acquisition of cytolytic 
effector function during primary in vitro mixed 
lymphocyte cultures (MLC). 19 



The present Inventors postulate a role for effector 

20 cells expressing the granzyme A gene in allograft 

rejection. However, a specific role for granzymes in CTL 
effector function has been difficult to demonstrate 
directly. For example, whereas inhibitors of granzyme A 
or B activity have been shown to impair CTL lytic 

25 function, virtually all such inhibitors act on broad 

classes of serine proteases. 23 Thus, it is not clear that 
granzymes are the sole target of these inhibitors. 
Although purified granzymes have not been demonstrated to 
have direct lytic activity, granzyme A may play other 

30 roles, such as in CTL-mediated degradation of target cell 
DNA, 24 or in modifying the activity of other granule 
associated effector molecules. 25 Granzyme A gene 
expression in infiltrating lymphocytes has already been 
reported to be a useful marker of human cardiac 

35 rejection. 22 Granzymes may also play a role in mediating 
rapid detachment of activated lymphocytes from targets. 26 
Granzyme A may be a growth factor for B or T-cells 27,28 or 



WO 93/24634 



PCT/US93/05093 



-9- 

may be active in the degradation of extracellular matrix 
proteins. 29 Thus, while it is clear that granzymes are 
expressed uniquely by cells with cytotoxic potential, 
their precise role in cytolysis remains to be identified. 

5 

Target cell injury induced by CTL is characterized 
by a pattern of early nuclear condensation and DNA 
fragmentation that is not observed following complement - 
mediated lysis. 39 While porphyrin containing granules and 

10 chromatographically purified porphyrin have been reported 
in one study to induce DNA degradation, 40 other 
investigators have not been able to induce target cell 
DNA fragmentation even with highly purified porphyrin 
preparations. 41 A number of investigators have suggested 

15 that CTL mediated lysis may involve multiple mechanisms. 10 
Moreover, while granzyme and porphyrin expressing 
granular effector cells appear to be the predominate 
mediators of spontaneous natural killer cell function and 
alloantigen- specif ic CTL function generated in primary in 

20 vitro MLC, agranular allospecific CTL without detectable 
granzyme A or porphyrin activity have been reported to be 
induced following in vivo intraperitoneal priming with 
allogeneic cells. 43 

25 it appeared to the present inventors that use of 

specific inhibitors of DPPI enzymatic activity of or the 
development of a specific antisense oligonucleotide 
directed against the expression of DPPI would provide a 
selective and potent means of controlling the processing 

30 of the serine proteases, and thereby the cellular damage 
induced thereby, in pathologies which involved the 
activity of cells of bone marrow origin. Such was 
supported by the observations of the inventors that DPPI 
was important to the function of several types of cell 

35 damage mediated by lymphocytes, or by myeloid cells via 
granule serine protease mediated mechanisms. 
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It appeared to the present inventors that specific 
forms of antisense therapy directed toward inhibiting the 
expression of the human DPPI gene or the human DPPI 
protein would provide a potential therapy for the 
5 treatment of many human diseases linked to the action or 
malfunction of cytotoxic lymphocytes on cells of myeloid 
lineage, such as leukemia, GVHD, graft rejection, and the 
like. However, neither the protein or the gene for human 
DPPI had been characterized. Only recently has the 

10 sequence for the rat DPPI protein and rat cDNA clone been 
reported 79 . However, prior to purification of human DPPI, 
the human DPPI protein, which had not yet been 
characterized, could not be used to determine if any 
homology with the rat DPPI protein existed. Therefore, 

15 significant technical difficulties remained in both 

isolating the human protein and isolating the human gene 
which encodes the protein, before the types of specific 
oligonucleotide DPPI inhibitors contemplated by the 
inventors could be synthesized. 

20 

In light of the present inventors' work regarding 
the important role of DPPI in the activation of cells of 
bone marrow origin and the role of DPPI dependent 
effector on mechanisms in several human pathologies, the 
25 development of particular antisense oligonucleotides 

specific for binding the human DPPI gene and/or RNA would 
provide an important therapeutic tool in the treatment of 
immunologically related diseases. 

30 SUMMARY OF THE INVENTION 

The present invention provides the identification of 
an important human protein, dipeptidyl peptidase- I, and 
the characterization of this protein at the gene level. 
35 Even more importantly, methods found effective for 

inhibiting the cytotoxic activity in tissues with cells 
having high concentrations of human dipeptidyl peptidase- 
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I are disclosed in the present application. These 
methods are demonstrated by the present inventors to 
provide selective potential treatments for inflammatory 
diseases as well as malignancies and other disorders of 
5 myeloid cell origin. 

More specifically, the methods of the invention 
employ chemical agents shown to be capable of selectively 
inhibiting DPPI activity in natural killer cells , 

10 cytotoxic T- lymphocytes, and myeloid cells. Some of 

these agents may be more particularly described as thiol 
modifying agents in terms of their biochemical activity. 
These compounds are shown by the inventors to have a high 
inhibitor specificity for human dipeptidyl peptidase-I, 

15 thus rendering DPPI incapable of processing granule 
serine protease "proenzymes" to their enzymatically 
active forms, thus inhibiting the actions of these 
enzymes in tissue destruction or other effector functions 
of cytotoxic lymphocytes or myeloid, while preserving and 

20 fostering non-myeloid cell growth and maturation. 

While the human dipeptidyl peptidase-I inhibitors of 
the invention may encompass a variety of different 
compounds, both molecular and enzymatic, specific 
25 examples of such inhibitors include agents defined by the 
structure : 

NH 9 -C - C- NH- C - X, 

I II l 

30 Rj 0 R2 

wherein R 1 is H, -CH 2 0H, -CH(CH 3 ) 2 / -CH 2 CH (CH 3 ) 2 , or a lower 
alkyl; R 2 is a lower alkyl, -CHjCHfCI^)^ -Ci^Ph, or CH 2 (p- 
hydroxyphenyl) or other uncharged alkyl; and X is -CHN 2 , - 
35 CH 2 F, or -CH 2 S(CH 3 ) 2 , and wherein said agent selectively 
inhibits DPPI activity in natural killer cells, cytotoxic 
T-lymphocytes and myeloid cells. Most preferably, the 
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lower alkyl is defined as an alkyl chain of 1 to 6 
carbons. By way of example, such agents may include: 

glycyl -phenylalanine diazomethane 
5 Gly-Phe-CHjF 

Gly- Phe - CH 2 S ( CH 3 ) 2 

Ser-Leu-CHN 2 

Ser-Tyr-CHN 2 

Norleucine -Norleucine - CHN 2 
10 Val-Phe-CHN 2 
Ser-Leu-CH 2 F 
Ser-Leu-CH 2 S (CH 3 ) 2 
Gly-Phe-CHN 2 
Gly-Leu-CH 2 F 

15 

These agents are more specifically defined as thiol 
modifying agents, and are demonstrated to have high 
specificity for human dipeptidyl peptidase- I. The most 
preferred human dipeptidyl peptidase -I inhibitor of the 
20 present invention is glycyl -phenylalanine diazomethane 
(Gly-Phe-CHN 2 ) . 

In still another aspect of the present invention, a 
human dipeptidyl peptidase protein isolatable from human 

25 spleen tissue is isolated and characterized. The human 
protein has been identified to have a blocked amino 
terminus. The sequence of human DPPI has been defined by 
the present inventors as including at least part of the 
human sequence defined herein in Figure 2. The human 

30 peptide dipeptidyl peptidase- I identified and partially 

sequenced by the present inventors has a native molecular 
weight of about 200,000 daltons composed of eight 24 kDa 
subunits and a pi of 5.4. The enzymatic activity of this 
protein has been shown by the present inventors to be 

35 specifically inhibited by several agents, most 
particularly the DPPI inhibitor, Gly-Phe-CHN 2 . 
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The dipeptidyl peptidase- I inhibitors of the present 
invention also include particular oligonucleotides , 
specifically/ antisense oligonucleotides, which inhibit 
the expression of the human DPPI gene. These antisense 
5 oligonucleotides are provided in a pharmaceutical 

preparation. It is contemplated that these preparations 
may be used in the treatment of inflammatory disease and 
malignancy of myeloid cell origin. These 
oligonucleotides, particularly antisense 
10 oligonucleotides, are defined by the present inventors as 
having a sequence which is complementary to a sequence of 
the messenger RNA that encodes DPPI. 

Oligonucleotides of a variety of lengths that 
15 include a sequence complimentary to the human dipeptidyl 
peptidase- I sense messenger RNA strand may be employed in 
the practice of the present invention. In addition, 
antisense oligonucleotide species which include a length 
of between 15-mer and 50-mer as the size of the 
20 oligonucleotide are most preferred. Even more 

specifically, antisense oligonucleotides that are of a 
17-mer to 24-mer length are contemplated to be 
particularly preferred. By way of example, these 17 mer- 
to 24-mer antisense oligonucleotides include the 



25 


following 








(1) 


5' 


-AC-AAA-GTT-GAT-GCC-ATG-3 ' (17-mer) 




(2) 


5' 


-TT-GAT-TCC-ATG- IAC-ATT- 3 ' (17-mer) 




(3) 


5' 


-CC-AAA-GTC-CTG-GGC-ATA-3 ' (17-mer) 


30 


(4) 


5' 


-CC-AAA-ATC-TTG-IGC-ATA-3' (17-mer) 




(5) 


5' 


-CC-AAA-GTC-CTG-IGC-ATA-3' (17-mer) 




(6) 


5' 


-CC-AAA-ATC-CTG-IGC-ATA-3' (17-mer) 




(7) 


5' 


-CC-AAA-GTC-TTG-IGC-ATA-3' (17-mer) 




(8) 


5' 


-GC-ATC-ATT-CAT-ICC-ICC-ATA-3' (20-mer) 


35 


(9) 


5' 


-TTC-AAA-GGC-AAC-TGC-CAT-GGG-3 ' (21-mer) 




(10) 


5' 


- CTA- CAA- TTT - AGG - AAT - CGG - TAT - GGC - 3 ' (24-mer) 
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These oligonucleotides were used as primers for PCR 
which were amplified for detection of the human DPPI 
gene. 

5 As used in defining the oligonucleotides of the 

present invention, the abbreviation "I n stands for 
inosine. Inosine has the capability to base pair with 
any of the 5 possible nucleotides that naturally occurs 
in DNA or RNA. The referenced antisense oligonucleotides 

10 were determined employing information obtained by the 
inventors regarding the particular protein sequence of 
human dipeptidyl peptidase-1 protein fragments. 
Additional oligonucleotides will be defined upon the 
determination of the cDNA sequence of human DPPI. In 

15 preferred embodiments, the nucleotides of the antisense 
and sense oligonucleotides are phosphorothioate modified 
nucleotides . 

In still another aspect of the present invention, a 

20 method for inhibiting a malignant tumor of myeloid cell 
origin is provided. The method, most preferably, will 
comprise treating with a pharmacologically effective 
amount of an inhibitor of dipeptidyl peptidase- I 
sufficient to suppress cytotoxic T-lymphocyte activity. 

25 As the human dipeptidyl peptidase-I inhibitors described 
herein have been found to be effective in inhibiting 
proliferation of cells of myeloid origin, it is 
contemplated that the method may be effective in the 
treatment of a malignancy such as myeloid leukemia. 

30 Again, the dipeptidyl peptidase inhibitors may constitute 
a thiol modifying agent. The inhibitors most preferred 
in the described method include those listed above, and 
most preferably glycyl- phenylalanine diazomethane, Gly- 
Phe-Ch 2 F, Gly-Phe-Ch 2 S(CH 3 ) 2 , Ser-Leu-CHN 2 , Ser-Tyr-CHN 2 , 

35 Norleucine-Norleucine-CHN 2 , Val-Phe-CHN 2 , Ser-Leu-CH 2 F, or 
Ser-Leu-CH 2 S (CH 3 ) 2 . 
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Alternatively, the dipeptidyl peptidase- 1 inhibitor 
of the present invention may constitute an 
oligonucleotide which is capable of specifically 
inhibiting the synthesis of human dipeptidyl peptidase-I. 
5 This oligonucleotide is more particularly defined as an 
antisense oligonucleotide which inhibits synthesis by 
inhibiting the expression of a human dipeptidyl 
peptidase-I gene. These antisense oligonucleotides are 
as described supra. Examples of these particular 

10 oligonucleotides. Again, other sequences for 

oligonucleotides having dipeptidyl peptide inhibiting 
activity may be determined upon the even further 
characterization of the human cDNA using the information 
and results reported herein and techniques known to those 

15 of skill in the art . 

In one most preferred application of the described 
method, the dipeptidyl peptidase-I inhibitor is Gly-Phe- 
CHN 2 . The present inventors propose that the described 
20 method will be useful in the treatment of a malignant 

tumor having the defined sensitivity in an animal such as 
a human or a rat. 

In still another aspect of the present invention, a 
25 method for treating an immunologically mediated disease 

is provided. This method, in a most general application, 
comprises treating with a pharmacologically effective 
amount of a dipeptidyl peptidase-I inhibitor sufficient 
to inhibit cytoxic T lymphocyte or natural killer cell 
30 activity. The immunologically mediated disease to be 

treated in the afore-described method may constitute, for 
example, organ allograft rejection, graft versus host 
disease, or an alloimmune disease. By way of example, 
the dipeptidyl peptidase-I inhibitors are defined as 
35 glycyl -phenylalanine diazomethane, Gly-Phe-CH 2 F, Gly-Phe- 
CH 2 S(CH 3 ) 2 , Ser-Leu-CHN 2 , Ser-Tyr-CHN 2 , Norleucine- 
Norleucine-CHN 2 , Val-Phe-CHN 2 , Ser-Leu-CHN 2 , or Ser-Leu- 
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CH 2 S(CH 3 )2f may be employed as the agent of choice in the 
method. Most preferably, the dipeptidyl peptidase 
inhibitor of choice is glycyl -phenylalanine diazomethane . 
It is contemplated that the pharmacologically effective 
5 amount of the dipeptidyl peptidase- I inhibitor to be 
employed, where the inhibitor is Gly-Phe-CHN 2 , will be 
between about 3 mg/kg to about 30 mg/kg. 

While any number of tissue types or organs may be 
10 treated according to the described invention, it is 

contemplated that the method may have particular utility 
in treating kidney, heart, or skin to prevent or retard 
rejection of these organs. 

15 The method may also be employed to treat 

immunologically mediated disease, such as an autoimmune 
disease. For example, the inventors contemplate utility 
of the method in the treatment of inflammatory diseases 
mediated by cytotoxic lymphocytes or effector cells of 

20 myeloid origin. 

In still another aspect of the present invention, a . 
cancer chemotherapeutic agent for the treatment of 
malignancies of myeloid cell or cytoxic lymphocyte origin 

25 is provided. The agent is more fully defined as 

comprising a protease inhibitor or an oligonucleotide 
capable of inhibiting human dipeptidyl peptidase- I in 
myeloid or lymphoid origin malignant cells. Most 
preferably, the cancer chemotherapeutic agent comprises 

30 an antisense oligonucleotide which is capable of 
specifically inhibiting the expression of a human 
dipeptidyl peptidase-I gene. By way of example, such an 
antisense oligonucleotide comprises a sequence 
complementary to the messenger RNA that encodes DPPI. In 

35 one most preferred aspect of the cancer chemotherapeutic 
agent, the inventors contemplate a particular utility for 
use thereof in the treatment of leukemia. 
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The present invention also provides a specific cDNA 
for a human dipeptidyl peptidase- 1 gene. This cDNA may 
be described as consisting essentially of a complete or 
partial nucleotide sequence that includes a sequence 
5 encoding an N- terminal fragment of human dipeptidyl 

peptidase-I. The present invention will also provide an 
expression vector which includes the cDNA of human 
dipeptidyl peptidase-I. By way of example, this 
expression vector is the vector pGEM3Zf or pCB6. 

10 

In still another aspect of the invention, a method 
for inhibiting bone marrow graft rejection is provided. 
The method comprises treating a bone marrow graft with a 
therapeutically effective amount of an antisense 

15 oligonucleotide capable of specifically inhibiting the 
expression of a human dipeptidyl peptidase-I gene. The 
bone marrow graft may then be administered to an 
immunosuppressed patient. The particular antisense 
oligonucleotide capable of inhibiting human dipeptidyl 

20 peptidase-I is further defined as resistant to nuclease 
degradation. These oligonucleotides are described more 
specifically supra. 

The antisense oligonucleotide contemplated as useful 
25 in the methods described herein is further defined as 

capable of inhibiting dipeptidyl peptidase-I activation 
of serine protease proenzymes. By way of example, the 
serine protease proenzymes include the granzymes, 
myeloblast in, tryptase, chymase cathepsin G and leukocyte 
30 elastase. 

In still another aspect of the present invention, a 
method is included for preparing an about 1,000-fold 
purified human dipeptidyl peptidase-I. This method, in a 
35 most preferred embodiment, comprises obtaining a human 
spleen tissue, homogenizing the tissue in an acidic 
hypotonic homogenization buffer in a ratio of 5 ml buffer 
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per 1 gram tissue, obtaining a pellet and a first 
supernatant from the homogenate, reextracting the pellet 
from the tissue homogenate in a volume of the acidic 
hypotonic homogenization buffer with Triton X-100 of 
5 about 2,5 ml per gram of the pellet, and saving a second 
supernatant, combining the first supernatant and the 
second supernatant, heating the combined supernatants to 
about 55°-60°C for about 30 minutes, cooling the heated 
supernatant to room temperature and adjusting the pH to 

10 about 7.5, passing the combined supernatant sample over a 
concanavalin A-agarose column, eluting dipeptidyl 
peptidase- I from the column and collecting the 
chromatographed sample, passing the chromatographed 
sample over a mercurial affinity chromatography column 

15 and collecting a human dipeptidyl peptidase- I fraction, 
concentrating the human dipeptidyl peptidase- I fraction 
on a high capacity anion exchange resin and resolving the 
fraction by gel filtration to provide an about 1,000-fold 
purified preparation of human dipeptidyl peptidase-I. 

20 The yield of human dipeptidyl peptidase- I protein 

according to the afore -described method is about 100 
micrograms per 100 grams of human spleen tissue 
processed. 

25 Other human tissues may be used to extract the human 

DPPI according to the afore-described method. The yield 
of human DPPI per gram tissue may vary. The present 
invention also provides human dipeptidyl peptidase 
inhibitors that include an amino blocking group. 

30 

These inhibitors comprise the general structure: NH 2 - 
CHR r CO-NH-CHR2-X, wherein R x is H, -CH 2 OH, -CH(CH 3 ) 2 , - _ 
CH2CH(CH 3 ) 2 , or a lower alkyl, 1^ is a lower alkyl, and 
wherein X is -CHN 2 , -CH 2 F, or -CH 2 S(CH 3 ) 2 . These 
35 inhibitors characteristically provide for the selective 
inhibition of natural killer cells, cytotoxic T- 
lymphocytes and myeloid cells. In more preferred aspects 
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of the claimed inhibitors, these agents are described as 
thiol modifying agents. By way of example, the 
dipeptidyl peptidase- 1 inhibitors may be defined as 
glycyl -phenylalanine diazome thane, Gly-Phe-CH 2 F, Gly-Phe- 
5 CH 2 S(CH 3 ) 2 / Ser-Leu-CHN 2 , Ser-Tyr-CHN 2 , Norleucine- 
Norleucine-CHN 2 , Val-Phe-CHN 2 , Ser-Leu-CH 2 F, Ser-Leu- 
CH 2 S(CH 3 ) 2# Gly-Leu, CHN 2 , Gly-Phe-CHN 2 , or Gly-Leu-CH 2 F. 
Of these, Gly-Phe-CHN 2 constitutes a most preferred 
inhibitor . 

10 

Pharmaceutical agents are also provided according to 
the present invention. In one particularly preferred 
embodiment, the pharmaceutical preparations of the 
present invention provide for the inhibition of natural 
15 killer cells, cytotoxic T-lymphocytes or myeloid cells, 

and comprise the dipeptidyl peptidase- 1 inhibitor defined 
by the formula N^-CHRj-CO-NHR^CH-X, wherein R 1# R 2 and X 
are as defined herein above. 



20 The present inventors demonstrate that human 

dipeptidyl peptidase- 1 inhibitors that include an N- 
terminal blocking group may be employed with equal 
efficacy for inhibiting human dipeptidyl peptidase-1 
inhibiting activity as the non-erminal amino blocked 

25 inhibitors described herein. These W-terminally blocked 
dipeptidyl peptidase-1 inhibitors are demonstrated to 
effectively inhibit human dipeptidyl peptidase-1 in 
living cells, for example, in the U937 cell line. These 
W-terminally blocked dipeptidyl peptidase-1 inhibitors 

30 may be defined as having the following general structure: 
R 3 -NH-CR 1 -CO-NH-CR 2 -X, wherein R x is H, -CH 2 RH, -CH(CH 3 ) 2 , - 
CH 2 CH(CH 3 ) 2 , or a lower alkyl of from 1 to 6 carbons, R 2 is 
an alkyl of from 1 to 6 carbons, wherein X is -CHN 2/ - 
CH 2 F, or -CH 2 S(CH 3 ) 2 , and R 3 is an amino- terminal blocking 

35 group, amino acid or peptide, wherein said inhibitor 

selectively inhibits natural killer cells, cytotoxic T- 
lymphocytes and myeloid cells. These inhibitors of 
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dipeptidyl peptidase -1 may be further defined as thiol 
modifying agents. 

By way of example, inhibitors of human dipeptidyl 
. peptidase -1 that include the N- terminal blocking group 
5 comprise Z-Phe-Ala-CHN 2 , Z-Phe-Gly-Phe-CHN 2 or Z-Gly-Pro- 
CHN 2 . The most preferred N- terminally blocked dipeptidyl 
peptidase-1 inhibitor of the present invention is Z-Phe- 
Gly-Phe- CH^- 
IO As part of the general structure of the N- terminally 
blocked dipeptidyl peptidase-1 inhibitors of the present 
invention, R 3 is most preferably benzyloxycarbonyl . The 
N- terminal blocking group, as already described, may 
constitute an amino acid or peptide. Such amino acid or 
15 peptide should be cleavable by a cellular enzyme at the 

site where the amino acid or peptide as R 3 is attached to 
the terminal amino group of the structure, R 3 -NA-CR r CO- 
NH-CR 2 -X. 

20 The N- terminally blocked dipeptidyl peptidase-1 

inhibitors of the present invention may also be 
advantageously formulated as part of a pharmaceutical 
preparation. These pharmaceutical preparations therefore 
will include activity effective for the inhibition of 

25 natural killer cells, human cytotoxic T- lymphocytes or 
human myeloid cells, and comprise a combination of the 
dipeptidyl peptidase-1 inhibitor with a pharmaceutical ly 
acceptable carrier solution. 

30 The following list includes abbreviations used 

throughout the description of the present invention: 

DPPI = dipeptidyl peptidase- I 
CB, CD, CG, CH - cathepsin B, D, G, H 
35 PMN = peripheral mononuclear leukocytes 

HCG » human cathepsin G 
HLE = human leukocyte elastase 
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MYB = myeloblastin 
HGA = granzyme A 
I - inosine 
NK = natural killer cell 
5 CTL = cytotoxic T lymphocytes 

SpC = spleen cells 

PEL = peritoneal exudate lymphocytes 
MLC a mixed lymphocyte culture 
PMSF = phenylmethylsulfonylf luoride 
10 TLCK = l-chloro-3-tosylamido-7-amino-2-heptanone 

TPCK = Tosylamino-2-phenylethyl chloromethyl ketone 
BMC = bone marrow stem cell 



15 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. DPPI activity in various cell types. The 
activity of DPPI is based upon the hydrolysis of the 
synthetic peptide Gly-Phe-0NA. 

20 

Figure 2. Alignment of the tryptic peptide 
sequences of human DPPI with the sequence of rat DPPI 
enzyme . 

25 Figure 3. Gly-Phe-CHN 2 specifically inhibits DPPI. 

U-937 cells were cultured in the presence of 3 /zM Gly- 
Phe-CHN 2 or diluent (0.15% DMSO, control) for one hour. A 
cell extract was prepared and assayed for the activity of 
both cytoplasmic and lysosomal/granule protease 

30 activities. 

Figure 4. Short vs. long term effects of Gly-Phe- 
CHN 2 on dipeptidyl peptidase-I, cathepsin G and elastase 
activities in U-937 cells. Cells were incubated for 48 
35 hours in the presence or absence of 3 (iM Gly-Phe-CHN 2 . 
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Figure 5. Inhibition of myeloid cell proliferation 
after 4 days exposure to Gly-Phe-CHN 2 . Long term cultures 
were incubated with 3 /iM Gly-Phe-CHN 2 . 3 H- thymidine 
incorporation was measured during the last 8 hours of 
5 culture. HL60 is a relatively undifferentiated myeloid 
cell line, THP-1 is a myeloid tumor cell line. 

Figure 6. Gly-Phe-CHN 2 has no effect on expression 
of antigens in the myeloid tumor cell line, THP-1 but 
10 induces antigenic expression in the U-937 cell line 
characteristic of differentiation to monocytes. 

Figure 7. Serine protease activity in Gly-Phe-CHN 2 
treated cells as assayed using casein as a substrate 
15 instead of synthetic peptide substrates. 

Figure 8. 3' Race System Primers (G1BCO BRL) . 

Figure 9. Inhibition of DPPI activity in murine 
20 spleen cells 3 and 24 hours after intraperitoneal 
injections of 0.5 - 5 jtg/g Gly-Phe-CHN 2 . 

Figure 10. Cells are harvested 24 hours before CTL 
assay, washed and placed into cultures free of Gly-Phe- 
25 CHN 2 . CTL activity returned to levels similar to that 
seen with control cultures. 

Figure 11. Granzyme A (BLT esterase) activity and 
DPPI activity co- isolate in the same granular fraction 
30 within lymphokine activated cells. 

Figure 12. Effect of pH on the rate of substrate 
hydrolysis. Purified human DPPI was assayed for the 
hydrolysis of synthetic peptide substrates over a pH 
35 range of 4 to 8. Assay buffers used were: acetic 

acid/sodium acetate for pH 4.0 to 5.5; sodium phosphate 
mono/dibasic for pH 5.7 to 8.0. 
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Figure 13 . The oligonucleotide probes used to 
screen a Xgtll library for the gene that encodes DPPI. 
The probes are a 17-mer and a 20-mer used to screen 
duplicate lifts of plated Xgtll library. Fig, 13 A = 
5 DP 8 A 5'-GC-ATC-ATT-CAT-ICC-ICC-ATA-3' ; Fig. 13B = DP12 
5' -CC-AAA-GTC-CTG-GGC-ATA-3' . 

Figure 14. DPPI Activity levels in human and murine 
cells and cell lines. DPPI activity was determined by 
10 the hydrolysis of Gly-Phe-SNA as described previously. 
The results are expressed as nmol SNA produced/ min/ mg 
soluble protein. 

Figure 15. Effect of Gly-Phe-CHN 2 on the generation 
15 of BLT esterase activity in murine CD8(+) alloantigen- 
stimulated T-cells. Gly-Phe-CHN 2 OpM) or 0.15% methyl 
sulfoxide was added at the times indicated to lymphocytes 
cultured as described herein. All cells were harvested 
after 120 hours and assayed for DPPI and BLT esterase 
20 activity as well as protein. Fig. 15A = DPPI; Fig. 15B = 
BLT esterase. 

Figure 16. Effect of Gly-Phe-CHN 2 on the generation 
of granule associated BLT esterase activity in murine 

25 CD8(+) alloantigen-stimulated T-cells. Murine CD8(+) T- 
cells were isolated and cultured as described herein in 
the presence (•) or absence (0) of 3 /iM Gly-Phe-CHN 2 , 
added at the start of culture and after 48 hours. Cells 
are harvested, homogenized and fractionated on Percoll 

30 gradients. Gradient fractions were assayed for BLT 

esterase activity and results are expressed as the change 
in A4 10nm per 30 minutes. DPPI assays indicated >95% 
inhibition of this activity in cells cultured in the - 
presence of Gly-Phe-CHN 2 . 

35 

Figure 17. Effect of Gly-Phe-CHN 2 on the generation 
of granule serine protease activity in human and murine 
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bone marrow derived cells. Human lymphocytes (A), murine 
mastocytoma cells (B) , and a human myeloid cell line (C 
and D) were cultured in the presence or absence of 3 /xM 
Gly-Phe-CHN 2# homogenized and fractionated on Percoll 
5 gradients. The gradient fractions were assayed for 
granzyme A (A) , mast cell tryptase (B) , leukocyte 
elastase (C) and cathepsin G (D) activities. (Open 
cirucles (0) equal control cultures (absence of Gly-Phe- 
CHN 2 ) , closed circles (•) equal cultures in the presence 
10 of Gly-Phe-CHN 2 ) . 

Figure 18. Effect of Gly-Phe-CHN 2 on the proteolytic 
activities of U-937 cells. U-937 cells were cultured in 
the presence or absence of Gly-Phe-CHN 2 for 1 hour (A) or 
48 hours (B) prior to homogenization, Percoll gradient 
fractionation and assay of various proteolytic 
activities. For each proteolytic enzyme, the results are 
expressed as the % activity in cells exposed to Gly-Phe- 
CHN 2 compared to control cells incubated in 0.15% methyl 
sulfoxide. 

Figure 19. Levels of ant i- cathepsin G 
immunoreactive protein are equivalent in U-937 cells 
cultured in the presence or absence of Gly-Phe-CHN 2 . 
Granule proteins, from cells cultured in the presence (A) 
or absence (B) of Gly-Phe-CHN 2 , were separated by SDS-PAGE 
and transferred to nitrocellulose and probed with rabbit 
ant i -human cathepsin G antibodies (Calbiochem) . 
Immunoreactive protein was visualized with goat anti- 
rabbit immunoglobulin-alkaline phosphatase conjugate and 
BCIP/NBT substrates. 

Figure 20. Radiosequence analysis of cathepsin G 
synthesized by U-937 cells cultured in the presence or 
35 absence of Gly-Phe-CHN 2 . U-937 cell proteins were 

metabolically labeled with 3 H-Ile as described herein in 
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the presence (A) or absence (B) of Gly-Phe-CHN 2 . After a 
4 hour chase period, cells were disrupted and 
fractionated by aprotinin- agarose affinity 
chromatography. Unprocessed cathepsin G was further 
purified from the aprotinin unbound fraction by 
immunoadsoption with a rabbit ant i -human cathepsin G 
antibody. The immunopurif ied proteins were subjected to 
Edman degradation and the position of lie from the N- 
terminus determined by scintillation counting. 



Figure 21. Amino acid sequences of activation 
dipeptides of granule serine proteases synthesized by 
bone marrow derived cells. Amino acid sequences deduced 
from the cDNA's encoding human and murine granule serine 
15 proteases are shown with the predicted cleavage sites for 
the removal of each leader sequence and the activation 
dipeptide . 

Figure 22. The nucleotide sequence of the human (H) 
20 DPPI cDNA generated by PCR has been aligned with the 

portion fo the rat (R) DPPI cDNA sequence that encodes 
the mature enzyme subunit. The sequences share 
approximately 80% identity. 



25 Figure 23 . The protein sequence determined by amino 

acid sequence (bold face) and deduced from the human (H) 
DPPI cDNA has been compared to the deduced sequence of 
the rat (R) protein. There is approximately 85% identity 
at the amino acid level between the mature enzyme 

30 subunits of the two species. The catalytic residues are 
marked by the asterisks. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



35 



The present invention discloses methods and 
compositions for inhibiting DPPI, as well as the 
pathologies which may subsequently be treated by 
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eliminating DPPI mediated activation of particular cell 
types. The most preferred DPPI inhibitor of the 
invention is Gly-Phe-CHN 2 . 

5 The inventors disclose the isolation of the human 

DPPI protein, which has further enabled the determination 
of particular oligonucleotide sequences thereto, as well 
as the ability to isolate and further characterize the 
human DPPI gene. A cDNA for the human DPPI gene is also 
10 disclosed. Antisense oligonucleotides to human DPPI are 
proposed for potential use in the treatment of diseases 
found by the inventors to be related or consequent 
particular cell type activation by DPPI. 

15 Methods of treating particular diseases, which the 

present inventors have found linked to the activity of 
the DPPI enzyme in particular cell types, include the use 
of both chemical inhibitors of DPPI and antisense 
oligonucleotides to the human DPPI gene, or a fragment 
20 thereof. These diseases include myeloid cell disorders, 
various inflammatory disorders, autoimmune diseases, 
graft rejection and graft -verses -host disease, to name a 
few. The specificity of action of the described 
inhibitors allow for normal functioning of non- 
25 threatening cell types while at the same time selectively 
inhibiting activation of particular cell enzyme pools 
involved in each of the above pathologial conditions. 



The present invention also details specific methods 
30 for preparing the various DPPI inhibitors. 



Cell lines 



U-937 (ATCC CRL1593) and P-815 (ATCC T1B64) cells 
35 were obtained from the American Type Culture Collection, 
Rockville, MD and cultured in RPMI 1640 (Whittaker 
Bioproducts, Walkersville, MD) supplemented with 10% 
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fetal bovine serum (FBS, GIBCO BRL, Gaithersburg, MD, L- 
glutamine (0.3 tng/ml) , penicillin G (200 U/ml) and 
gentamicin (10 /xg/ml) ) . 

5 Reagents 

Rabbit antibodies to human leukocyte elastase and 
cathepsin G were purchased from Calbiochem, Protein-A- 
alkaline phosphatase conjugate was purchased from Cappel 

10 Worthington Biochemicals, Cooper Biomedical, Inc., 
Malvern, PA. Alkaline phosphatase substrates were 
purchased from Bio-Rad Inc., Richmond, CA. Aprotinin- 
agarose, Percoll, buffer components and peptide 
substrates for assays of DPPI (Gly-Phe-SNA) , leukocyte 

15 elastase (Suc-Ala-Ala-Ala-pNA) , cathepsin G (Suc-Ala-Ala- 
Pro-Phe-pNA) , and cathepsin H (Arg-SNA) were obtained 
from Sigma Chemical Co., St. Louis, MO. Z-Arg-Arg-SNA, 
Z-Val-Leu-Arg-MNA and Gly-Phe-CHN 2 (catalog #DK-6)were 
purchased from Enzyme System Products, Dublin, CA. BCA 

20 protein assay reagents were purchased from Pierce 

Chemical Co., Rockford, IL. Minimal essential medium 
without isoleucine (MEM- lie) was obtained from GIBCO BRL, 
Gaithersburg, MD and prepared according to manufacturer's 
specifications . 

25 

Generation of murine CD8(+) CTL 

C57BL/6J (B6) and B6-C-H-2ml (bml) were purchased 
from The Jackson Laboratory, Bar Harbor, ME and bml X B6 

30 Fl mice were produced in our animal care facility. 

Spleen cells from B6 female mice were treated with anti- 
CD4 (GK1.5, (Dialyras, et al. (1983) Immunol. Rev., 
74:29.); 2B6, (Wassmer et al. (1985) J. Immunol. 
135:2237), anti-NK (3A4, Sentman et al. (1989), J. Exp. 

35 Med., 170:191-202) and rabbit complement (Pel Freez, 

Rogers, AR) and then passed through nylon wool columns as 
previously described 2,3 . These CD8-enriched T-cells (2 X 
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10 6 /ml) were cultured for 5 days with irradiated (1,500 
cGy) spleen cells from female bml or bml X B6 Fl mice (2 
X 10 6 /ml) in RPMI 1640 supplemented with 10% FBS, 1 mM 
sodium pyruvate, 5 X 10" 6 M 2-mercaptoethanol, 5 mM Hepes, 
5 Penicillin G (200 U/ml) , gentamicin (10 jig/ml) , L- 
glutamine (0.3 mg/ml) . At the onset of cultures and 
after 72 hours of culture, 1% phorbol dibutyrate- 
stimulated EL4 supernatant (produced as previously 
described and containing 200u/ml IL2) was added as a 
10 source of supplemental cytokines. 

Generation of human lymphokine activated killer cells 

Peripheral blood mononuclear cells were separated 
15 from heparinized venous blood of healthy donors by 

centrifugation on sodium diatrizoate/f icoll gradients 
(Sigma Chemical Co., St. Louis, MO). CD8(+) T-cell and 
NK-enriched lymphocytes were prepared bypassing 
peripheral blood mononuclear cells through nylon wood 
20 columns, incubation with OKT4 (anti-CD4) and L243 (anti- 
HLA-DR, ) and panning on goat anti-mouse Ig-coated petri 
dishes as previously described 2 . CD8( + ) T and NK-enriched 
cells (5 X 10 6 /ml were then cultured in RPMI medium 
supplemented with 10% FBS and 100 U/ml recombinant IL2 
25 (Cetus Corp., Emeryville, CA) for 48 hours. 

Chronic inhibition of endogenous DPPI 

Isolated cells or cell lines were cultured as 
30 described above in the presence or absence of 3 fiM Gly- • 
Phe-CHN 2 or equal concentrations of diluent (0.15% DMSO) . 
In preliminary experiments, a single addition of 3 /xM 
Gly-Phe-CHN 2 to long term cultures was found to lead to 
persistent >90% inhibition of DPPI activity. However, as 
35 recovery of DPPI was observed at time >72 hours after 

such additions, in longer term cultures, additional Gly- 
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Phe-CHN 2 (3 pM) was added at 48-72 hour intervals to 
maintain continuous inhibition of DPPI. 



Protease assays 

5 

DPP I activity was assayed by the hydrolysis of Gly- 
Phe-SNA as previously described 4,5 . Macropain activity 
was assayed by the hydrolysis of Z-Val-Leu-Arg-MNA as 
previously described 66 . Cathepsin B activity was assayed 
10 by the hydrolysis of Z-Arg-Arg-BNA using the method of 
Barrett et al. ((1981) (Methods in Enzymology, 80:535- 
561) . Cathepsin D activity was assayed by a modification 
of the assay of Takayuki and Tang using denatured 
hemoglobin as substrate (Barrett et al. (1981) , In: 
15 Methods in Enzymology , edited by S.P. Colowick and L. 

Lorand, 80, p. 561 Academic Press, New York) . Cathepsin 
G and elastase activities were assayed by the method of 
Baugh and Travis ((1976) Biochemistry, 15:836) with Suc- 
Ala-Ala-Pro-Phe-pNA and Suc-Ala-Ala-pNA, respectively. 
20 Cathepsin H activity was assayed by the hydrolysis of 
Arg-SNA by the method of Shaw et al. (Kirschke et al. 
(1987) Chemistry of lysosomal proteases, In:Lysosomes : 
Their Role in Protein Breakdown, edited by H. Glaumann 
and F. J. Ballard, p. 193, Academic Press, New York) . 
25 Granzyme A and tryptase activities were measured by the 
hydrolysis of BLT substrate as previously described 
(Green et al. (1979) Anal. Biochem. , 93:223) 

Isolation of cytoplasmic granules from cell homogenates 

Cells were incubated for 5 minutes on ice in 
hypotonic homogenization buffer (0.1X PBS salts, 1 mM 
MgCl 2 ) . The cells were disrupted with a glass pestle 
homogenizer and isotonic conditions restored by the 
addition of 10X PBS salts. The homogenates were cleared 
of cell debris and intact cells by centrifugation at 600 
xg for 2 minutes. The soluble extracts were layered on 
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discontinuous Percoll gradients (6 ml 39%, 6 ml 90% 
Percoll) and centrifuged for one hour at 17,000 xg. The 
gradients were fractionated by removing 1 ml aliquots 
from the top. 

5 

Metabolic labeling of cathepsin Q and radioseguence 
analysis 

Protein labeling and sequencing were performed by a 

10 modification of the techniques described by Salvesen and 
Enghild 80 . Briefly, U-937 cells were harvested from 
culture and washed once with isoleucine-f ree MEM (MEM - 
lie) . Cells were resuspended in MEM - lie at 5 X 10 6 
cells/ml in the presence of 10 /xM Gly-Phe-CHN 2 or diluent 

15 control (0.1% DMSO) . After 1 hour of culture, cell 
aliquots were removed to assess DPPI activity and 3 H- 
isoleucine, 0.5mCi/ml, was added to the control and DPPI 
inhibited cultures. After an additional hour of culture 
with 3 H-isoleucine, cells were washed and incubated for a 

20 4 hour chase period at a density of 2 X 10 6 cells/ml in 
RPMI 1640 containing 10% bovine calf serum supplemented 
with 10/xM Gly-Phe-CHN 2 or 0.1% DMSO as in initial 
cultures. Cells were harvested, washed with saline and 
stored at -70°C. Cells were disrupted by 2 freeze-thaw 

25 cycles and suspended in 50mM Tris-HCl, pH 8.0, 1 M NaCl, 
0.5% Triton X-100 at a ratio of 2 X 10 6 cells per ml. 
Active serine proteases were removed from the homogenates 
by adsorption to aprotinin- agarose (25/il packed resin/ml 
homogenate) . Inactive protease proteins were isolated 

30 from the aprotinin- agarose unbound fractions by 

immunoadsorption with anti-cathepsin G antibodies 
adsorbed to protein A-sepharose. Proteins bound to 
aprotinin- agarose were eluted in 50mM sodium acetate, pH 
4.0, 300mM NaCl and further purified by immunoadsorption. 

35 Proteins specifically bound to either aprotinin-agarose 
or antibody-protein A-sepharose were eluted in SDS-PAGE 
sample buffer and analyzed by SDS-PAGE. The amino- 
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terminal sequences of the isolated proteins were 
confirmed by radiosequence analysis. Immunopurif ied 
cathepsin G in SDS-PAGE sample buffer was spotted onto 
Immobilon paper (Millipore Corp., Bedford, MA) and 
5 processed for Edman degradation. The product of each 
sequencing cycle was collected and analyzed by 
scintillation counting. 

Protein purification. 

10 

DPPI will be purified by the procedure developed in 
this laboratory (McGuire et al., submitted). Myeloid 
cell proteases will be purified the previous 
methods. 67,72 ' 73 The proenzyme forms of these serine 

15 proteases will be purified from the aprotinin- agarose 

unbound fraction by isoelectric focusing. DPPI -inhibited 
U-937 cells will be homogenized and a granule fraction 
isolated by Percoll density gradient centrifugation. The 
Percoll will be removed by ultracentrifugation. The 

20 granules will be lysed and chromatographed on aprotinin- 
agarose. The unbound fraction of protein (devoid of 
serine protease activity but containing the proenzymes) 
will be fractionated in a preparative isoelectric 
focusing cell (Biorad's Rotofor IEF apparatus). The 

25 myeloid serine protease proenzymes are well resolved from 
the remaining granule proteins. 

Isolation and sequencing of the carboxyl- terminal 
fragment of human DPPI 

30 

To isolate the carboxyl -terminal portion of human 
DPPI, tryptic digests will be chromatographed on an 
anhydrotrypsin affinity matrix. All tryptic fragments 
with carboxyl -terminal arginine or lysine residues should 
35 bind to this affinity matrix. Only the carboxyl -terminus 
of the subunit should lack the basic residue for 
interacting with the matrix and, therefore, appear in the 
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f low- through fraction from the column. If the human 
subunit has a carboxyl terminal basic residue the 
procedure would be performed with chymotrypsin and an 
anhydro-chymotrypsin affinity resin. 

5 

Vectors and molecular techniques 

Several vectors will be used during the course of 
the present studies. The original cDNA libraries were 

10 prepared in lambda gtll. The cDNA's isolated from either 
library or prepared by PGR amplification will be ligated 
into pGEM3Zf or M13mpl8 for the generation of single 
stranded DNA to be used for sequence analysis or 
mutagenesis. The pGEM vector contains sequences 

15 recognized by T7 and SP6 RNA polymerases and can be used 
for the synthesis of RNA in vitro. Transfection of 
Jurkat cell by electroporation 76 will make use of the 
pSV2neo vector or the pCB6 vector. The pCB6 vector was 
developed in the laboratory of Dr. David Russell of this 

20 institution. Eukaryotic cells transfected with either of 
these vectors can be selected by resistance to the 
antibiotic G418 due to the presence of the neo gene. 77 An 
SV40 promotor drives the synthesis of protein from the 
neo gene. Both vectors carry the pBR322 and SV40 origins 

25 of replication for replication in both prokaryotic and 
eukaryotic cells. These vectors have been used for 
production of both transient and stable transfected 
cells. The pCB6 vector uses the CMV promotor to drive 
the synthesis of the protein from the cloned cDNA 

30 inserted into a polylinker site. The vector also 
contains the human growth hormone termination and 
polyadenylation signals to insure the synthesis of mature 
transcripts . 

35 Antisense oligonucleotide will be prepared 

synthetically and added directly to cells in culture as 
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described previously (Bories et al. (1989) Cell, 59:959- 
968) . 

Even though the present invention has been described 
5 with a certain degree of particularity, it is evident 
that many alternatives, modifications, and variations 
will be apparent to those of skill in the art in light of 
the following disclosure. Accordingly, it is intended 
that all such alternatives, modifications, and variations 
10 which fall within the spirit and the scope of the 
invention be embraced by the defined claims. 



The following examples are presented to describe 
preferred embodiments and utilities of the present 
15 invention, but should not be construed as limiting the 
claims thereof. 



EXAMPLE 1 
ISOLATION AND CHARACTERIZATION OF 
20 HUMAN DIPEPTIDYL PEPTIDASE -I (DPPI) 

The present example is provided to demonstrate one 
preferred method for preparing the 1,000-fold purified 
preparation of human dipeptidyl peptidase- I from human 
25 tissue of the present invention. While the method may be 
employed to isolate human DPPI from any human organ or 
tissue which contains the DPPI enzyme, the tissue of 
preference is human spleen tissue. 

30 Purification of DPPI 



DPPI was purified to apparent homogeneity from human 
spleen by a combination of differential pH solubility, _ 
heat -treatment , affinity chromatography on Concanavalin 
35 A-agarose and p-hydroxymercuribenzoate -agarose, and gel 
filtration chromatography on Sephacryl S-300. The 
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purification scheme developed in these studies is 
summarized in Table 3 . 



10 



15 



20 



25 



30 



35 



Table 3 

Purificati on of Human Dipeptidyl Peptidase-! 



Step 


Total 
Protein 

(mg) 


Total 
Activity 
(nmol 
ENA/min) 


Specific 
Activity 
U/mg 


Yield 
(%) 


Enrich- 
ment 


Extract 


12000 


38000 


3 


100 


1 


Heat- 


9600 


36000 


4 


93 


1 


treated/pH 
adjusted 












Concanaval 


89 


19000 


210 


50 


70 


in A- 












agarose 












pHMB- 


6.7 


7100 


1100 


19 


370 


agarose 












DEAE- 


2.0 


3700 


1800 


10 


600 


Sephacel 












Sephacryl 
S-300 


0.2 


640 


3200 


1.7 


1100 



40 



Cadaveric spleen was collected within 12 hr. 
postmortem and stored at -70°C until use. Approximately 
200 g spleen was allowed to thaw and the tissue was 
trimmed of excess fat and minced in an acidic hypotonic 
homogenization buffer (10 mM sodium acetate-acetic acid, 
pH 4.0) The ratio of this buffer to tissue was 5 ml/g. 
The tissue was homogenized in an Oster blender at high 
speed for 15 s. The homogenate was centrifuged at 
13,000gr for 20 min. The supernatant fluid was saved and 
the pellet was reextracted with the same buffer 
containing 0.1% Triton X-100 (2.5 ml/g). After 
centrifugation, the supernates were combined and heated 
to 55-60°C. After 30 min, the extract was cooled to room 
temperature and adjusted to pH 7.5 with 1 M Tris base. 
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Precipitate that formed during heating and pH adjustment 
was removed by filtration under gentle vacuum. The 
soluble sample was chromatographed on a concanavalin A- 
agarose column equilibrated with phosphate -buf f ered 
5 saline (PBS) . The column was washed extensively with PBS 
before the elution of bound protein. Protein was eluted 
with 500 mM a-methylmannopyranoside in PBS. The eluted 
material from the concanavalin A-agarose was applied to a 
p-hydroxymercuribenzoate- agarose column equilibrated in 

10 PBS. After unbound protein was washed through the 

column , the column was washed extensively with 10 mM 
sodium phosphate, pH 7.0. A fraction of the bound 
protein was eluted in 10 mM sodium phosphate containing 
50 mM fi-mercaptoethanol . Other sulfhydryl- containing 

15 proteins were eluted in PBS containing 50 mM S- 

mercaptoethanol . Material from this second elution was 
diluted 5-fold with 10 mM sodium phosphate, pH 7.0, and 
chromatographed on a 1.5-ml DEAE-Sephacel column. Bound 
protein was eluted with 10X PBS and directly fractionated 

20 by chromatography on a Sephacryl S-3 00 gel filtration 

column equilibrated with 250 mM NaCl, 0.02% sodium azide. 
Gel filtration column fractions were monitored by SDS- 
PAGE using 15% polyacrylamide gels, in addition to assays 
of protein and dipeptidyl peptidase activity. This 

25 procedure yields approximately 100 fig of apparently 
homogeneous DPPI per 100 g tissue. 

The total DPPI activity obtained after 
homogenization of spleen at neutral and acidic pH was 

30 found to be identical. However, since homogenization at 
neutral pH solubilized 2-2.5 times more protein than at 
pH 4, spleen was routinely homogenized in the acidic 
buffer. A second extraction of the insoluble material 
pelleted after acidic homogenization increased the level 

35 of total DPPI activity by up to 30% in various 
preparations . 
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Heat- treatment of tissue extracts at 60°C for up to 
45 min was found to have no apparent effect on DPPI 
activity. For enzyme purification, tissue extracts were 
routinely exposed to heat -treatment for 30 min. Since 
5 little visible precipitate formed during heat -treatment, 
the unfiltered extracts were adjusted to pH 7.5 by the 
addition of 1 M Tris base. Visible precipitate formed 
upon addition of Tris base and was removed by filtration 
under gentle vacuum. The combination of heat -treatment 
10 and pH adjustment results in the removal of approximately 
25% of the original protein with a negligible loss of 
DPPI activity (Table 3) . 

The soluble protein fraction was loaded directly on 
a concanavalin A- agarose column. The vast majority of 
protein but no DPPI activity appeared in the flowthrough 
fractions. After extensive washing with PBS, bound 
protein was eluted by the addition of a-methylmannoside . 
Approximately 50% of the applied activity was recovered 
with a 70- fold increase in specific activity. 

The material eluted from the lectin-af f inity column 
was applied directly to a mercurial -aff inity column. The 
majority of applied protein, but no DPPI activity, 
appeared in the flowthrough fraction. The column was 
washed extensively with PBS and then with 10 column 
volumes of 10 mM sodium phosphate, 1 mM EDTA, pH 7.0, to 
remove unbound protein. Bound protein was then eluted 
from the column in a two-step process. Washing the 
column with 50 mM S-mercaptoethanol eluted the majority 
of DPPI (Table 3) . 

Human DPPI eluted from the mercurial affinity 
chromatography was diluted with 5 vol of 10 mM sodium 
35 phosphate, 1 mM EDTA, pH 7.0, to decrease the ionic 

strength of the sample and chromatographed on a column of 
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DEAE-Sephacel . DEAE-Sephacel chromatography resulted in 
an almost 2-fold increase in specific activity. 

Previously published methods for the partial 
purification of DPPI have used Sephadex G-200 or 
Sephacryl S-200 for gel filtration chromatography. 
Neither of these gels yielded adequate resolution of DPPI 
from other high-molecular- weight proteins (data not 
shown) . However, such resolution was achieved when DPPI 
was chromatographed on a Sephacryl S-300 gel filtration 
column. In the individual Sephacryl S-300 fractions, 
DPPI activity was correlated with the presence of a 
protein band determinated by SDS-PAGE corresponding to a 
molecular weight of 24,000. 

Furthermore, in fractions corresponding to the peak 
of DPPI activity, this was the only protein band observed 
after SDS-PAGE. This protein band stained positively 
with periodic acid-Schif f ' s reagent, confirming the 
presence of carbohydrate. Polyacrylamide gel 
electrophoresis under nondenaturing conditions 
demonstrated a single protein band in the Sephacryl S-300 
pool. After transfer of this protein to nitrocellulose, 
DPPI activity staining demonstrated that it was 
associated with the enzymatic activity. SDS-PAGE 
analysis of the protein band isolated in the 
nondenaturing gel system demonstrated a single 24,000 Da 
protein. The 24,000-Da protein was also correlated with 
DPPI activity by SDS-PAGE analysis of fractions obtained 
by preparative isoelectric focusing. 

Comparison of the relative elution position of DPPI 
during gel filtration with proteins of known molecular 
weight indicated that DPPI had an estimated molecular 
mass of 200,000 Da. The elution position of DPPI was not 
altered by inclusion of 1M NaCl in the column buffer, 
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suggesting that the high molecular weight of the enzyme 
is not the result of protein aggregation. 

The purification scheme detailed here has resulted 
5 in a more than about 1000- fold purification of DPPI from 
the acidic extract of human spleen (Table 3) . 
Approximately 100 fig of purified DPPI was obtained per 
100 g wet wt of human tissue. Of note, tissue has been 
stored frozen for up to a year without noticeable loss of 
10 DPPI yield. Purified DPPI has also been stored frozen 
and at 4°C for months with no significant loss of 
activity. 

Since DPPI had not been purified previously, many of 

15 the properties of the enzyme were unclear or 

controversial- Particularly controversial from previous 
studies were the size and subunit composition of DPPI. 
Human DPPI is now established to constitute a 200,000 Da 
glycoprotein with 24,000 Da subunits. This human enzyme 

20 is further defined as having an isoelectric 7point of 5.4 
and has been identified by the present inventors as being 
localized to the lysosomal /granule fraction of isolated 
cells. DPPI is a member of the cysteine class of peptide 
hydrolases and is inhibited by iodoacetate, mercurial, n- 

25 ethylmaleimide and cystatin. DPPI exhibits both 

peptidase and polymerase activity. Peptide hydrolysis is 
optimal at pH 5-6, and is generally measured by cleavage 
of the synthetic peptide, Gly-Phe-SNA. Peptide 
polymerization is optimal at pH 7-7.7. A novel assay for 

30 this activity, based on the lysis of red blood cells has 
also been developed by the present inventors using leu- 
leu-OMe as substrate. 
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Localization of DPPI Activity to Bone Narrow Derived 
Cells 



DPPI is expressed at distinctly different levels in 
5 functional subsets of cells involved in the immune 
response. Based upon the hydrolysis of Gly-Phe-SNA, 
DPPI -like activity can be demonstrated in extracts of 
most mammalian cells. However, the level of enzyme 
expression in various cell types can vary by 20-fold or 

10 more. As seen in Figure 1, the level of DPPI activity is 
considerably higher in natural killer cells, myeloid 
cells and CD8 + cytotoxic T-cells. These are the same 
cells that were shown to be susceptible to the toxic 
effects of Leu-Leu-OMe. 1-5 CD4 + T-cells, B-cells, and the 

15 T- lymphocyte line, Jurkat, express significantly lower 

levels of DPPI activity. COS-1 cells and other cells of 
non-bone marrow origin such as fibroblasts and 
endothelial cells have much lower levels of an apparent 
DPPI activity. 

20 

Amino Acid Sequencing of DPPI 

DPPI purified from human spleen has been subjected 
to amino acid sequencing. The 24,000 molecular weight 

25 subunit isolated after SDS-PAGE described herein was used 
for this purpose. After resolution by SDS-PAGE, the 
subunit was transferred to PVDF-paper and subjected to N- 
terminal sequence analysis by Edman degradation. Based 
on the failure of N-terminal sequencing, the inventors 

30 concluded that the 24,000 Da sequence was chemically 

blocked. Therefore, the protein was digested with TPCK- 
treated trypsin or cyanogen bromide. The tryptic and 
cyanogen bromide peptides generated were isolated by 
reverse phase HPLC and analyzed by Edman degradation. 

35 The results are shown in Table 4. The letter "X" 

indicates the position of a residue unidentified by Edman 
sequencing. 
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& T ^r> &nld Sequences Of Pep tides Isolated Fro?" nwT 



PEPTIDE 




A 


XiiPTSXDVK 


B 


NVHGINFVSPVR 




NQASCGSCYSFASMGMLEAR 




IRILTXNSQTPILSPQEWS 


E 


YAQDFGLVEEAS FP YTXXD 


F 


YYS SE YHYVGGF YGGMNEALMK 


G 


LELVRHGPMAVAFEYVYD 


H 


GMLEARIR 


I 


AVAFEYVYDFLHY 



15 Based on a subunit molecular weight of 24,000, 

approximately 45% of the human DPPI subunit sequence has 
been determined at the amino acid level. 

Most of the sequences obtained have not had 

20. significant homology to other sequences in the protein 
databases, except for 85% homology to the deduced 
sequence of rat DPPI and lesser homology to other members 
of the Papain family of cysteine proteases. Since only a 
tryptic digest of the human DPPI subunit has been 

25 analyzed, the relative positions of the sequenced 

peptides in the complete linear sequence of the subunit 
were unknown. The sequences obtained from the tryptic 
fragments of the human protein were aligned to the amino 
acid sequence deduced from the rat cDNA clone (see Figure 

30 2) . The present inventors have found a greater than 85% 
identity at the protein level between the segments that 
have been sequenced. This identity includes the 
conserved region around the active site cysteine. 
Interestingly, this homology includes the tyrosine at 

35 position 29. This position is occupied by a tryptophan 
in every other member of the papain family sequenced to 
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date. It has been suggested that this residue may play a 
role in substrate binding since DPPI is the only member 
of the papain family that is limited to exopeptidase 
activity. 

5 

The human sequence has not yet yielded a peptide 
sequence that matches anything in the carboxyl -terminal 
half of the rat protein. Many lysosomal enzymes are 
modified or processed at the carboxyl -terminus in vivo 
10 and this information is only revealed by studies at the 
protein level. 

EXAMPLE 2 

SUBSTRATE SPECIFICITY AND INHIBITORS 
15 OF HUMAN DIPEPTIDYL PEPTIDASE -I 



The present example is provided to demonstrate the 
substrate specificity of human DPPI. 

20 Isoelectric focusing in a gradient of pH from 3 to 

10 resolved the DPPI activity into a single peak centered 
at pH 5.4. DPPI remained soluble at its isoelectric 
point and was enzymatically stable throughout the 
procedure . 

25 

The specificity of human DPPI was studied using a 
variety of synthetic peptide substrates. These 
substrates appear in Table 5. 
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TABLE 5 

Substrate Specificity of Hunan DPPI 







Substrate peptide 




Substrate 
concentration 






p 4 


p 3 


F 2 


F l 








5 










Ala- 


SNA 


0 


0 












Arg- 


SNA 


0 


0 












Gly- 


SNA 


0 


0 












Leu- 


SNA 


0 


0 












Phe- 


SNA 


0 


0 


10 










Pro- 


SNA 


0 


0 










CBZ- 


Arg- 


SNA 


0 


0 










CBZ- 


Phe- 


SNA ! 


0 


0 










Arg- 


Arg- 


SNA 


0 


0 










Asp- 


Ala- 


SNA 


250 


1000 


15 








Gly- 


Phe- 


SNA 


2380 


4380 










Gly- 


Pro- 


SNA 


0 


0 










Ser- 


Tyr- 


SNA 


1750 


2000 








CBZ- 


Arg- 


Arg- 


SNA 


0 


0 










Gly- 


Arg- 


MNA 


2500 


4750 


20 








Gly- 


Phe- 


MNA 


3500 


5750 








Gly- 


Pro- 


MNA 


0 


0 










Ser- 


Tyr- 


MNA 


1000 


1750 






CBZ- 


Val- 


Leu- 


Arg- 


MNA 


0 


0 










Ala- 


Ala- 


pNA 


380 


1000 


25 








Gly- 


Phe- 


pNA 


120 


380 






SUC- 


Ala- 


Ala- 


Ala- 


pNA 


0 


0 






Ala- 


Ala- 


Val- 


Aia- 


pNA 


120 


120 




Sue- 


Ala- 


Ala- 


Pro- 


Phe- 


pNA 


0 


0 










CBZ- 


Lys- 


AMC 


0 


0 


30 








Gly- 


Phe- 


AMC 


3500 


6120 








Pro - 


Phe- 


Arg- 


AMC 


' 0 


0 






CBZ- 


Gly- 


Pro- 


Arg- 


AMC 


0 


0 
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Substrates with blocked amino -termini, with proline 
at the Pj position, arginine at the P 2 , or containing only 
single amino acids, were not hydrolyzed. DPPI was found 
to hydrolyze peptides with both polar and nonpolar side 
5 chains. The enzyme was able to hydrolyze an unblocked 
tetrapeptide nitroanilide but not a chemically blocked 
peptide substrates of similar composition. These results 
demonstrate that DPPI does not express endoproteolytic 
activity. Furthermore, purified DPPI did not exhibit 

10 endoproteolytic activity as assayed by the ability to 
generate acid soluble peptides from FITC-casein. The 
amino -terminal sequence of bovine a-casein, Arg-Pro, 
prohibits the processive cleavage of amino- terminal 
dipeptides from this protein and therefore should 

15 increase the ability to specifically detect 
endoproteolytic activity, if present. 

Purified human DPPI was noted to hydrolyze 
fluorogenic peptides over a broad acidic pH range (Figure 
20 12) . A similar pH profile was observed with each of the 
susceptible peptide substrates tested. Maximal peptidase 
activity occurs over the range of pH 4 . 5 to 6 . 8 . 



25 



The inhibitor profile of human DPPI was found to be 
consistent with the classification of the enzyme as a 
cysteine peptidase (Table 6) . 
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TABLE 6 

Effect of Protease Inhibitors on DPPI Activity 



Inhibitor 


Concentration 


Percentage 

COllLiOl oCtiviuy 


PMSF 


1 mM 


98 


TLCK 


1 mM 


5 


TPCK 


1 mM 


10 


1/10- j 
Phenant hrol ine 


1 mM 


98 


Bestatin 


500 ng/ml 


103 


Cystatin 


50 fig/ml 


32 


tf-Ethylmaleimide 


1 mM 


63 


Gly-Phe- 
diazomethane 


20 jiM 


12 


Iodoacetic acid 


1 mM 


10 


Mersalyl acid 


1 mM 


3 


2,2'- 

Dithiodipyridine 


400 fM 


9 



Note. Purified human dipeptidyl peptidase-I (0.4 fig) 
was preincubated with each of the inhibitors 
at the stated concentration for 15 min at 
37° C. Each sample was diluted 3 -fold with 
assay buffer containing substrate and 
incubated for an additional 20 min. 



Thus, DPPI activity was potently inhibited by 
30 mersalyl acid, iodoacetic acid, and cystatin. 
Furthermore, DPPI activity was inhibited by 
dithiodipyridine at low pH. Under these conditions, this 
reagent is considered a specific inhibitor of enzymes 
with active site cysteine residues. DPPI activity was 
35 also inhibited by N-ethylmaleimide . However, under the 
conditions used for screening inhibitors (pH 5.5) the 
effect of Itf-ethylmaleimide was not complete. 
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At pH values above 6.5, the potency of this 
inhibitor increased as expected. Human DPPI activity was 
also potently inhibited by Gly-Phe-diazomethane, an 
inhibitor specifically designed for this activity. 
5 Surprisingly, DPPI was also potently inhibited by both 
TLCK and TPCK. While these inhibitors affect a variety 
of serine and cysteine peptidases, including papain, they 
have not been reported to be inhibitors of DPPI 
previously. Based on the substrate requirements for an 
10 unblocked amino -terminus and dipeptide length, inhibition 
of DPPI by TLCK and TPCK was unexpected. The general 
serine peptidase inhibitor PMSF, the aminopeptidase 
inhibitor bestatin, and metal chelators had no effect on 
DPPI activity. 

15 

EXAMPLE 3 
HUMAN DPPI AND POST- TRANS LATIONAL 
PROCESSING OF MYELOID SERINE PROTEASES 

20 The present example is provided to demonstrate the 

utility of DPPI -inhibitors, such as Gly-Phe-CHN 2 , for 
inhibiting the activity of DPPI in cells. An in vitro 
system is employed as a model in the example. However, 
similar specificity of action is expected for cells in an 

25 in vivo system as well. 

The Gly-Phe-CHN2 was obtained from Enzyme System 
Products (catalog #DK-6) in Dublin, CA. U-937 cells were 
obtained from a publicly available ATCC deposit, ATCC 
30 CRL1593, which is a human histiocytic lymphoma. HL60 
(ATCC CCL240) and THP-1 (ATCC TIB202) cell lines were 
also obtained from the ATCC and are publicly available 
cell lines. 
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Inhibition of DPPI by Gly-Phe-CHN 2 

In order to verify the specificity of inhibition of 
DPPI in cultured cells exposed to Gly-Phe-CHN 2 , U-937 
5 cells were cultured in the presence of 3/xM Gly-Phe-CHN 2 or 
diluent (0.15% DMSO, control) for one hour. A cell 
extract was prepared and assayed for the activity of both 
cytoplasmic and lysosomal /granule protease activities. 
The results shown in Figure 3 are expressed as the 

10 relative specific activity of each protease in extracts 
of cells exposed to Gly-Phe-CHN 2 compared to those 
cultured with DMSO only. While DPPI activity was 
inhibited more than 90%, other proteases were largely 
unaffected. Specifically, cathepsin B, another lysosomal 

15 thiol protease, retained approximately 80% of the control 
activity. No inhibition of other thiol proteases, 
including cathepsin H and the cytoplasmic protease, 
macropain, was observed. Furthermore, the activities of 
cathepsins D and G as well as elastase were not directly 

20 inhibited by short term exposure to Gly-Phe-CHN 2 . Studies 
by the inventors also demonstrate that the inhibitor does 
not affect the integrity of the granules. These results 
demonstrate that Gly-Phe-CHN 2 specifically inhibits DPPI 
while sparing the activity of other intracellular 

25 enzymes. 

Myeloid Serine Protease Zymogen Activation 
Inhibited as a Result of DPPI Inhibition 

30 In additional experiments, U-937 cells were 

incubated for 48 hours in the presence or absence of 3/xM 
Gly-Phe-CHN 2 . DPPI activity was decreased by an average- 
of 95% in cells exposed to the diazomethane inhibitor. 
While the activities of cathepsin B, D, H, and macropain 

35 were 90-106% of control levels, the activities of 

elastase and cathepsin G were decreased approximately 65% 
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in cells that received the Gly-Phe-CHN 2 for 48 hours 
(Figure 4) . 

In contrast to the decrease in enzymatic activity, 
5 Western Blot analysis of granules isolated from DPPI- 
inhibited cells by homogenization and Percoll gradient 
fractionation, demonstrated similar quantities of 
immunoreactive cathepsin G and elastase antigen. These 
results show that in U-937 cells with diminished DPPI 
10 activity, serine proteases accumulate as inactive pro- 
enzymes. Thus, these results demonstrate that DPPI is 
the principal enzyme responsible for processing and 
activation of the serine proteases in bone marrow derived 
cells. 

15 

DPPI Inhibition and Myeloid Cell Growth and Proliferation 

While Gly-Phe-CHN 2 has no discernible effect on U-937 
cell proliferation during the first 48 hours after 

20 addition to culture, profound effects on cell growth are 
seen in longer term cultures. Thus, as shown in Figure 
5, cumulative proliferation of U-937 cells cultured for 
four days with 3/xM Gly-Phe-CHN 2 was decreased by 60% 
(right panel) while 3 H-thymidine incorporation measured 

25 during the last 8 hours of such cultures was reduced by 
greater than 90%. The effects of this DPPI inhibitor on 
proliferation of the HL60 myeloid cell line were even 
more profound with virtually no viable cells recovered at 
the end of 4 days of culture with Gly-Phe-CHN 2 (see Figure 

30 5). 

In contrast, proliferation of another myeloid tumor 
cell line, THP-1, was not affected by incubation with an 
identical concentration of the DPPI inhibitor. 

35 

Cell division in the relatively undifferentiated 
myeloid cell line, HL60, has been shown to require the 
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functional expression of myeloblast in 123 . Myeloblastin 
mRNA and enzymatic activity have been demonstrated in U- 
937 cells 123 . Myeloblastin is a member of the bone marrow 
serine protease family and has a putative activation 
5 dipeptide that is a suitable substrate for DPPI, and 

therefore, the observed effect of the DPPI inhibitor on 
U-937 cell division is consistent with a role for DPPI in 
the processing and activation of myeloblastin as well as 
elastase and cathepsin G in U-937 cells. 

10 

Inhibition of DPPI Affects Differentiation 



U-937 cells continuously exposed to the DPPI 
inhibitor also acquire characteristics of differentiation 

15 along the monocyte lineage. In the experiment detailed 

in Figure 6, U-937 and THP-1 cells were cultured for four 
days in the presence or absence of 3/iM Gly-Phe-CHN 2 and 
assayed for cell surface expression of myelomonocytic 
markers, including CD14, CDllb (Type III complement 

20 receptor, CR3) and Class I MHC antigens. As shown in the 
right hand panels, THP-1 cells cultured under control 
conditions express the mature myelomonocytic phenotype. 
They express both CD14 and CDllb and Class I MHC 
antigens. Culture with Gly-Phe-CHN 2 had no effect on the 

25 expression of these antigens in THP-1 cells. In 

contrast, U-937 cells incubated under control conditions 
expressed a less mature phenotype. As shown in the upper 
left panel, U-937 cells did not express CD14 or CDllb and 
expressed low levels of Class I MHC antigen. However, as 

30 shown in the lower left panel, after four days in the 
presence of Gly-Phe-CHN 2 , U-937 cells expressed CDllb 
(CR3) and increased levels of Class I MHC antigens. This 
effect of the DPPI inhibitor is also consistent with the 
proposed role of DPPI in the processing and activation of 

35 the myeloblastin, as myeloid tumor cells cultured with 
antisense oligonucleotides to inhibit myeloblastin 
synthesis undergo similar differentiation. 
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Of note, only partial inhibition of serine protease 
activity in the U-937 cells treated with the DPPI 
inhibitor has been observed in the study detailed in 
Figure 5, above. This partial inhibition may have 
5 several explanations. The inventors have noted that when 
U-937 cells were pre-treated with the serine protease 
inhibitor, PMSF, and ammonium chloride prior to culture 
in the presence or absence of Gly-Phe-CHN 2 ' greater than 
80% reduction in generation of newly synthesized 

10 cathepsin G and elastase was observed in cultures 

containing the DPPI inhibitor. The presence of residual 
serine protease activity in DPPI inhibited cells would be 
expected if other mechanisms for the removal of the 
activation dipeptide were available in the cells. 

15 Alternatively, the unprocessed precursors of cathepsin G 
and elastase may mediate low levels of serine esterase 
activity in assays employing synthetic peptide 
substrates . 

20 As demonstrated by the results of the study detailed 

in Figure 7 the apparent inhibition of serine protease 
activity in Gly-Phe-CHN 2 - treated cells is higher when 
assayed by hydrolysis of the protein substrate, casein, 
relative to effects observed with assays using synthetic 

25 peptide substrates. The results obtained support that 
DPPI plays a requisite role in the processing and 
activation of the myeloid granule serine proteases. 

EXAMPLE 4 

30 IN VIVO EFFECT OF INHIBITOR Glv-Phe-CHN 2 

The present example is provided to demonstrate the 
utility of using dipeptidyl peptidase -I inhibitors for 
the in vivo treatment of DPPI-mediated diseases, 
35 particularly inflammatory diseases and those pathologies 
involving cells of myeloid origin. By way of example, 
such conditions include the treatment of graft versus 



WO 93/24634 



PCT/US93/05093 



-50- 

host disease (GVHD) allograft rejection, malignancies of 
myeloid cell origin, such as leukemia in an animal, 
particularly in humans. 

5 Dose Response In Vivo to DPPI- Inhibitors 

Three groups (N = 6) of B6 X CBA Fl mice were 
injected intraperitoneally with one of three doses of 
Gly-Phe-CHN 2 , 0.5 /xg/g, 1.5 fig/g or 5 fig/g. At the end of 
10 3 hours, one-half of the animals from each group were 
sacrificed and the spleen from each animal dissected. 
Spenic DPPI activity was measured for each tissue. 

At the end of 24 hours post injection, the remaining 
15 one-half of the animals from each treatment group were 
sacrificed and the spleen from each animal harvested. 
Splenic DPPI activity was measured for each of those 
animals as well. 

20 As shown by results detailed in Figure 9, single 

intraperitoneal injections of 1.5 or 5 ng/g of Gly-Phe- 
CHN 2 (obtained from Enzyme Systems Products, Livermore, 
CA) resulted in 90% inhibition of DPPI within murine SpC 
harvested 3 hours later.. 

25 

Recipients of a lower dose (0.5 /xg/g) of this 
irreversible inhibitor regenerated significant levels of 
DPPI within 24 hours after injection. However, following 
higher doses (5 fig/g) , the in vivo half-life of this 
30 inhibitor appeared sufficient to maintain 90% inhibition 
of this enzyme. 

Selectivity of Inhibition of DPPI In Vivo 

35 m the experiment detailed in Table 7, individual B6 

X CBA Fl mice were injected intraperitoneally with either 
1.5 fig Gly-Phe-CHN 2 /gram body weight or with vehicle 
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control (0.5% DMSO in saline). The Yac-1 represents a 
standard target for natural killer (NK) cells. 



10 



TABLE 7 

IN VIVO ADMINISTRATION OP THE DIPEPTIDYL PEPTIDASE- 1 
(DPPI) INHIBITOR, GLY-PHE-CHN 2 SELECTIVELY INHIBITS DPPI 
IN MURINE SPLEEN CELLS AND PREVENTS LEU-LEU- OME -MEDIATED 
DEPLETION OF NK CELLS AND CTL PRECURSORS 



Thiol Leu- NK MLC 

Protease Leu- Function Activated 

Intraperi- Activity Ome % Specific Anti-H-2° 

toneal (AFU/pg Treat- Lysis Spec. 

Protein) ment Yac-1 CTL 



15 


Inj ection 


DPPI 


Cath. 
B 






20:1 


80:1 


20:1 


80:1 




saline 


294 


382 


Nil 




10 


15 


69 


78 










250 




<1 


<1 


1 


3 


20 


1-5 Mg/g 
Gly-Phe- 
CHN 2 


12 


419 


Nil 




11 


19 


69 


85 










250 


HM 


10 


19 


58 


79 



25 As shown by the results depicted in table 7, in vivo 

administration of Gly-Phe-CHN 2 resulted in 95% inhibition 
of splenic DPPI activity (12/294 = 4.1%) without altering 
the activity of another lysosomal thiol protease, 
cathepsin B. 

30 

The results also importantly demonstrate that Gly- 
Phe-CHN 2 employed in vivo also prevents Leu-Leu-OMe 
mediated depletion of NK cells and CTL precursors. 
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EXAMPLE 5 

ROLE OF DPPI FUNCTION IN GENERATING CYTOLYTIC ACTIVITY 

Unlike control cells, spleen cells in which DPPI 
5 activity was inhibited were resistant to any discernible 
toxic effects of Leu-Leu-OMe on NK function of the 
capacity to generate anti-H-2 d specific CTL. In the 
present example and in studies performed with human PBL, 
inhibition of DPPI activity by preincubation with Gly- 

10 Phe-CHN 2 does not impair cytotoxic activity of NK cells 
when examined immediately after exposure to this 
inhibitor, nor does a brief exposure of this inhibitor 
significantly impair subsequent generation of cytotoxic 
activity. However, when assessed at the end of 5 day 

15 MLC, similar, high levels of DPPI were found to be 

regenerated within lymphocytes derived from precursors 
derived from SpC exposed in vivo to Gly-Phe-CHN 2 . These 
results indicated that DPPI activity was induced during 
MLC. 

20 

Continuous DPPI inhibition during in vitro MLC was 
examined to determine the effect on the generation of 
CTL. 

25 When the irreversible DPPI inhibitor Gly-Phe-CHN 2 

(3X10 -6 M) was added directly to MLC at onset and again 
after 48 hours, continuous inhibition of the activity of 
DPPI was noted and, as demonstrated by results of the 
study detailed in Table 8, a reduction in the 

30 allospecific cytotoxicity generated in such cultures was 
noted. 
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TABLE 8 

INHIBITION OF DPPI ACTIVITY DURING MIXED LYMPHOCYTE 
CULTURE IMPAIRS GENERATION OF CTL ACTIVITY 



5 


Study 


Addition 

Gly-Phe- 
CHN 2 


to Culture 

EL 4 

Supernatant 


Allospecific CTL 

2.5:1 10:1 40:1 




1 


- 


- 


18 


34 


52 






+ 


— 


1 


1 


9 








+ 


24 


47 


65 


10 




+ 


+ 


3 


8 


18 




2 






4 


11 


22 






+ — 




2 


1 


2 








+ 


0 


21 


41 


15 




+ 


+ 


6 


14 


34 




3 




+ 


7 


21 


40 






+ 


+ 


<1 


5 


19 



20 

However, some detectable CTL activity was still 
noted in assays performed at higher ET ratios. Moreover, 
when exogenous cytokines from phorbol dibutyrate 
stimulated EL4 cells were added to MLC containing Gly- 

25 Phe-CHN 2 , the level of cytotoxicity generated was 

increased further. However, as shown by the results of 
the representative experiment detailed in Figure 10, when 
cells were harvested 24 hours before CTL assay, 
extensively washed and placed into cultures free of Gly- 

30 Phe-CHN 2 , both DPPI activity and CTL activity returned to 
levels similar to that seen with control MLC activated 
CTL cultured in this manner, indicating that upon 
recovery of DPPI function, cytolytic activity can be 
rapidly generated. 
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DPPI is therefore unlikely to be directly involved 
in target cell lysis mediated by cytotoxic lymphocytes. 
However, DPPI activity appears to be required for 
generating some aspects of CTL effector function. In 
5 considering the potential role of DPPI in generating the 
effector mechanisms previously suggested to play a role 
in CTL function, it became apparent that dipeptides 
separating putative signal sequences from the amino 
terminus of mature enzymatically active forms of each of 
10 the granzymes 19,62 were in every case known substrates of 
DPPI. These dipeptides are absent from granzymes 
isolated from activated CTL. 19,62 

To assess whether DPPI and granzyme A (BLT esterase) 
15 are coexpressed in the granules of activated cytotoxic 
lymphocytes, human peripheral blood lymphocytes (PBL) 
were cultured for 4 days with 50 /i/ml rIL2. The cells 
were then harvested, disrupted in a dounce homogenizer, 
the nuclei pelleted and residual intact cells removed by 
20 centrifugation and the granule fraction localized on 

discontinuous Percoll gradients. As shown in Figure 11, 
granzyme A (BLT esterase) activity and DPPI activity co- 
isolated in the same granular fraction within these 
lymphokine activated cells. Of note, however, such BLT 
25 esterase activity could not be detected within IL2 

activated Leu-Leu-OMe treated PBL. Thus, Leu-Leu-OMe 
sensitive, DPPI enriched cells are the source of BLT 
esterase in such IL2 activated cultures. 

30 To assess the role of DPPI in generating BLT 

esterase activity in murine CTL, anti-CD4 and 3A4 (61, 
anti-NK) + C treated, nylon wool nonadherent B6 SPC were 
cultured for 5 days with irradiated anti-Thyl + C treated 
bml SpC and supplemental lymphokines (phorbol stimulated 

35 DL4 supernatant, 2% v/v) in the presence or absence of 
the DPPI inhibitor, Gly-Phe~CHN 2 . Cells were disrupted 
and the granule fractions were isolated on discontinuous 
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percoll gradients. The amount of granule associated BLT 
esterase activity within CD8(+) murine T-cells activated 
in the presence of continuous DPPI inhibition with Gly- 
Phe-CHN 2 also was found to be dramatically decreased 
5 (Figure 16) . 

These results demonstrate the direct effect of DPPI 
on BLT esterase activity, and how BLT esterase activity 
may be specifically inhibited through the use of DPPI 
10 inhibitors, such as Gly-Phe-CHN 2 . 

EXAMPLE 6 

EFFECT OF Glv-Phe-CHN 2 ON CULTURED CYTOTOXIC LYMPHOCYTES 

15 The studies detailed in Table 10 were designed to 

evaluate the effects of chronic exposure to Gly-Phe-CHN 2 
on other enzymatic activities expressed by cytotoxic 
lymphocytes (CTL) . CD8(+) T cell-enriched B6 spleen 
cells were cultured with H-2K bml disparate stimulator 

20 cells and supplemental cytokines in the presence or 
absence of 3 jiM Gly-Phe-CHN 2 . ' 

BLT esterase activity was assessed as described 
herein. Cultures of SpC cells were prepared and 
25 maintained as also described herein. Gly-Phe-CHN 2 was 
obtained from Enzyme Systems Products. 

The results from this study are provided in Table 9. 
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These results demonstrate that DPPI activity can be 
chronically inhibited in cultured cells without 
diminishing the activities of other thiol proteases, such 
as the lysosomal enzyme cathepsin B or the cytosolic 
5 protease macropain. Similarly, DPP IV serine protease 
activity, associated with the T-cell surface activation 
antigen CD26, See Vivler, J.D. et al. (1991) J. Immunol. 
147:447 for description of CD26 antigen) was not impaired 
in cultures containing the DPPI inhibitor, Gly-Phe-CHN 2 . 
10 However, a selective reduction of BLT esterase activity 
in CD8(+) CTL generated in the presence of this DPPI 
inhibitor was observed. 

That gly-phe-CHN 2 had no direct effect on BLT 

15 esterase was demonstrated by the results of experiments 
detailed in Figure 15. Thus, addition of gly-phe-CHN 2 ' 
one hour before harvest of alloantigen reactive CD8 (+) T 
cells (at hour 119 in 120 hour MLC, bottom left panel of 
figure) had no effect on BLT esterase activity despite 

20 efficient inhibition of DPPI. Rather, the decrease in 
BLT esterase activity was only observed when the DPPI 
inhibitor was present for more prolonged intervals during 
culture. While the greatest impairment of BLT esterase 
generation was noted when gly-phe-CHN 2 was present for the 

25 last 72 hours or throughout 5 day alloantigen stimulated 
cultures, a significant reduction in BLT esterase 
activity was observed even when DPPI was inhibited during 
only the last 24-48 hours of culture. Recent studies 
have shown that mRNA encoding granzyme A, the predominant 

30 lymphocyte granule enzyme associated with BLT esterase 

activity, is only detected during the last 72 hours of 5 
day murine MLC (34) . " Thus, the same time period that 
DPPI inhibition has the most profound effect on the 
generation of BLT esterase activity appeared to coincide 

35 with the time of anticipated synthesis of granzyme A in 
alloantigen-activated CD8(+) T cells. 
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The granule serine proteases, granzyme A, has been 
reported to be the predominate lymphocyte enzyme 
associated with BLT esterase activity. To verify that 
generation of granule serine protease activity was indeed 
5 impaired during inhibition of DPPI, studies were 

performed to assess the localization of BLT esterase 
activity in different subcellular fractions of CD8(+) CTL 
activated in the presence or absence of Gly-Phe-CHN 2 . 

Alloreactive CD8(+) T-cells were homogenized and 
fractionated on discontinuous Percoll gradients. CD8(+) 
CTL incubated in the presence of Gly-Phe-CHN 2 were 
virtually devoid of DPPI activity while in control cells 
this enzymatic activity co-localized with the major peak 
of BLT esterase activity in the granule fractions of the 
Percoll gradient. As demonstrated in Figure 16 , CD8{+) 
CTL activated in control cultures (open circle, 0) 
exhibited a peak of BLT esterase activity in the granule 
fraction that was largely absent from CD8(+) T-cells 
activated in the presence of the DPPI inhibitor Gly-Phe- 
CHN 2 (closed circle, •) . BLT esterase activity in the 
granule fractions of control cells was inhibited by >95% 
after in vitro incubation with 1 mM PMSF, but was not 
affected by 10" 5 M Gly-Phe-CHN 2 . Thus, these observations 
suggest that chronic inhibition of DPPI activity during 
generation of CTL resulted in decreased levels of 
granzyme A activity within cytolytic granules. 

EXAMPLE 7 

30 CONTINUOUS DPPI INHIBITION AND SERINE PROTEASE 

ACTIVITY IN CELLS O F BONE MARROW ORIGIN 

To even further define the possible role of DPPI in 
the processing and activation of bone marrow serine 
35 proteases, representative cell types including human LAK 
cells, a murine mastocytoma cell line (P-815 cells) and a 
human myelomonocytic cell line (U-937) were cultured in 



10 



15 



20 



25 
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the presence or absence of 3 /*M Gly-Phe-CHN 2 and assayed 
for the effect on the generation of granule protease 
activities. These cell lines were obtained from publicly 
available cell line deposits at the ATCC. 

5 

Cells were homogenized, fractionated on Percoll 
gradients and the fractions were assayed for activity of 
DPPI as described and the specific granule-associated 
serine proteases synthesized by each cell type. Chronic 

10 inhibition of endogenous DPPI was associated with 

significant decreases in the activities of the known 
granule-associated serine proteases from each cell type 
(Figure 17) . Thus, in human LAK cells, granzyme A 
activity (BLT esterase) was reduced up to 90% (Figure 17, 

15 Panel A) . The activity of tryptase was reduced to a 

similar extent after inhibition of DPPI activity in P-815 
cells (Figure 17, Panel B) . Furthermore, in U-937 cells 
the activities of both elastase and cathepsin G were 
significantly reduced in cells exposed to the DPPI 

20 inhibitor for 48 hours (Figure 17, Panels C and D) . 

In control cultures of each cell type, DPPI activity 
co-localized with the granule serine protease. Chronic 
inhibition of endogenous DPPI was associated with 

25 significant decreases in the activities of the known 

granule-associated serine proteases from each cell type 
(Figure 17) . Thus, in human LAK cells, granule BLT 
esterase (granzyme A) activity was reduced significantly 
(Figure 17, Panel A), the activity of tryptase was 

30 reduced to a similar extent after inhibition of DPPI 

activity in P815 cells (Figure 17, Panel B) . Finally, in 
U-937 cells the activities of both elastase (Figure 17, 
Panel C) and cathepsin G (Figure 17, Panel D) were 
significantly reduced in cells exposed to the DPPI 

35 inhibitor for 48 hours. As observed with the murine 

CD8(+) T cells, incubation of the human LAK cells, U-937 
cells or P185 cells for 1 hour in the presence of gly- 
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phe-CHN 2 had no e ffect on serine protease activity while 
inhibiting DPPI activity 95-98%. Thus, in distinct bone 
marrow derived cell lineages, extended inhibition of 
endogenous DPPI was associated with selective reduction 
5 of the granule associated serine protease activities. 

To verify the specificity of the DPPI inhibitor, 
Gly-Phe-CHN 2 , in myeloid cells, the study detailed in 
Figure 18 was performed. Incubation of U-937 cells in 

10 the presence of 3 /xM Gly-Phe-CHN 2 for 1 or 48 hours was 
found to lead to 90-99% inhibition of the DPPI activity. 
The activities of all other proteases examined were 
largely unchanged after exposure to this inhibitor for 1 
hour (Figure 18, Panel A) . Specifically, the activities 

15 of elastase, cathepsin G, cathepsin B, D and H, and 

macropain were not found to be decreased directly by this 
diazomethane inhibitor. The activity of cathepsin B 
remained greater than 80% of control levels, while the 
activities of macropain and lysosomal cathepsins D and H 

20 were unchanged following 48 hour exposure to Gly-Phe-CHN 2 
(Figure 18; Panel B) . In contrast to these results, 
incubation of U-937 cells for 48 hours in the presence of 
3 /xM Gly-Phe-CHN 2 resulted in a 65% reduction in granule 
associated elastase and cathepsin G activities (Figure 

25 18, Panel B) in these cells. These data suggested that 
the effect of Gly-Phe-CHN 2 was specific for direct 
inhibition of endogenous DPPI and an indirect reduction 
in generation of granule serine protease activity within 
the cells. 

30 

Immunoblot analysis of granule fractions from U-937 
cells demonstrated equivalent cathepsin G in samples 
prepared from control and DPPI -inhibited cells (Figure 
19) . However, cathepsin G enzymatic activity was reduced 
35 by >65% in the granule fraction of U-937 cells cultured 
in the presence of Gly-Phe-CHN 2 . These results, 
therefore, demonstrate that reduced expression of 
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cathepsin G activity in U-937 cells was not the result of 
decreased protease synthesis, but rather was associated 
with the presence of immunoreactive but enzymatically 
inactive cathepsin G in the granules of these DPPI 
5 inhibited cells. 

EXAMPLE 8 

THE EFFECT OF INHIBITION OF INTRACELLULAR DPPI 
Oq THE PROCESSING OF CATHEPSIN G IN U-?37 CELLS 

10 

To examine the potential role of DPPI in pro-enzyme 
activation, proteins were metabolically labeled by 
culturing U-937 cells in the presence of [ 3 H] isoleucine in 
the presence of 3 fiM Gly-Phe-CHN 2 . Since isoleucine 

15 occupies the first two residues of mature cathepsin G but 
is not present in the pro -dipep tide, the form of 
cathepsin G isolated after inhibition of endogenous DPPI 
can be distinguished by radiosequence analysis. After 
the labeling period, the cells were cultured for up to 4 

20 hours in the continuous presence or absence of the DPPI 
inhibitor to allow for endogenous processing of newly 
synthesized cathepsin G. At the end of this chase 
period, cells were disrupted and assayed for the presence 
of unprocessed and mature forms of cathepsin G. The 

25 unprocessed form of cathepsin G was separated from the 
enzymatically active, mature protease by aprotinin- 
agarose affinity chromatography. Both active and 
inactive forms of cathepsin G were further purified by 
immunoaf f inity using specific antibodies adsorbed to 

30 protein A-Sepharose. At the end of the 4 hour chase 

period, cells exposed to the DPPI inhibitor (Gly-Phe-CHN 2 ) 
had accumulated less than 10% of the level of newly 
synthesized, active cathepsin G present in the control-U- 
937 cells (Table 10) . 



35 
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TABLE 10 

EFFECT OF Gly-Phe-CHN 2 ON THE ACCUMULATION OF 
UNPROCESSED INACTIVE CATHEPSIN G IN U-937 CELLS 



10 



15 



20 



25 



30 



35 



SAMPLE 


APROTININ-AGAROSE 

BOUND cpm 
(% total) 


APROTININ- AGAROSE 

UNBOUND cpm 
(% total) 


CONTROL 


22,900(48%) 


24,400(52%) 


+ Gly-Phe-CHN 2 


2,385(4%) 


57,300(96%) 



U-937 cell proteins were labeled by incorporation of 3 H- 
isoleucine in the presence or absence of Gly-Phe-CHN 2 as 
detailed in Methods. After a 4 hour chase period in the 
absence of 3 H-isoleucine, cell extracts were prepared and 
incubated with the serine protease affinity matrix, 
aprotinin-agarose. Cathepsin G-immunoreactive protein 
was further purified from the aprotinin-agarose bound and 
eluted or unbound fractions by immunoadsorption. The 
results are given as cpm in each fraction and as % of the 
total cathepsin G-immunoreactive cpm in the control or 
DPPI inhibited cell extract. The aprotinin-agarose 
unbound, ant i -cathepsin G immunopurif ied protein were 
subjected to Edman degradation and radiosequence 
determination (Figure 20) . 

While a major fraction of the cathepsin G 
synthesized in control cells bound to the aprotinin- 
agarose, virtually all of the cathepsin G synthesized in 
the presence of the DPPI inhibitor did not bind to this 
affinity resin. The results shown in Figure 20 
demonstrate the accumulation of the propeptide -bearing 
form of cathepsin G (incapable of binding aprotinin- 
agarose) only in cells treated with Gly-Phe-CHN 2 . Thus, 
direct protein radiosequence determination of the 
aprotinin-agarose unbound, immunoaf f inity-purif ied 
cathepsin G demonstrated the presence of 3 H-isoleucine in 
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the third and fourth sequencing cycles (Figure 20) 
indicating that the cathepsin G protein isolated from 
DPPI- inhibited cells still had the N-terminal activation 
dipeptide. The small amount of cathepsin G isolated in 
5 parallel from the aprotinin- agarose unbound fraction of 
control cultures contained isoleucine in the first and 
second sequencing cycles. This data demonstrates that 
all of the serine protease synthesized in the control 
cells had been processed to the active form. Thus, these 
10 results demonstrate the accumulation of the inactive 
proenzyme form of cathepsin G in cells devoid of DPPI 
activity. 

EXAMPLE 9 

15 THE EFFECT OF ACTIVATION DIPEPTIDE 

ON THE ACTIVITY OF HUMAN CATHEPSIN G 

On the basis of the results detailed in Figure 20, the 
inventors sought to determine if U-937 cells chronically 

20 incubated in the presence of Gly-Phe-CHN 2 would be devoid of 
cathepsin G and elastases activity. However, as 
demonstrated previously, U-937 cells cultured in the 
presence of the DPPI inhibitor for 48 hours express 
approximately one-third of the level of serine protease 

25 activity of control cells when assayed with synthetic 
peptide substrate. This low level of proteolytic activity 
was observed even when U-937 cells were treated with PMSF 
prior to initiation of cultures with the DPPI inhibitor to 
prevent the carryover of active enzymes synthesized prior 

30 to DPPI inhibition. 

The experiments detailed in Figure 7 were designed to 
assess effects of DPPI inhibition during granule serine 
protease generation on endoproteolytic activity based on 
35 the hydrolysis of casein to acid-soluble fragments. 
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These studies demonstrate a more pronounced effect of 
DPPI inhibition on granule serine protease activity 
directed against intact proteins than activity based on 
peptide substrate assays. 

5 

These results demonstrate that the cathepsin G pro- 
enzyme which accumulates in DPPI -inhibited cells retains 
partial activity against low molecular weight peptide 
substrates but is incapable of interacting with protein 
10 substrates and inhibitors. 

PROPHETIC EXAMPLE 10 
PROPOSED ROLE OF DPPI IN POST- TRANSLATIONS, 
PROCESSING OF MURINE GRANZYME A AND B 

15 

The effects of DPPI inhibition on Granzyme A and 
Granzyme B gene activation and generation of enzymatic 
activity will be measured to determine if the observed 
effects of DPPI inhibition were mediated at a post- 
20 translational level. 

CTL will be generated by culture of NK cell 
depleted, nylon column nonadherent B6 SpC with irradiated 
T-cell depleted DBA/2 SpC in the presence or absence of 

25 Gly-Phe-CHN 2 - As an additional control, Z-Phe-Gly-Phe- 
CHN 2 will be added to some cultures. This N-terminal 
blocked inhibitor is 3 orders of magnitude less reactive 
with DPPI than Gly-Phe-CHN 2 . This inhibitor has also been 
described as possibly having similar non-specific 

30 reactivity with thiol groups or other classes of 
proteases. 60 

At daily intervals, cells will be harvested from 
culture and assayed for DPPI and BLT esterase activity in 
35 granule fractions of cell lysates as previously 

detailed 4,5 and for granzyme B, using 100 /xM BOC-Ala- 
AspSBzl (obtained by Dr. Martin Poe, Merck Sharp and 
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Dohme Research Laboratories, Rahway, NJ) , as substrates 
as previously described, 23 Levels of cathepsin B, a 
lysosomal thiol protease, and macropain, a cytosolic 
thiol protease, 66 will also be addressed to verify 
5 specificity of inhibitory effects mediated by Gly-Phe-CHN2 
messenger RNA for granzyme A, granzyme B2 and perforin 
will be assessed by Northern Blot analysis using cDNA 
probes provided by Dr. Eckhard Podack, University of 
Miami, Miami, Fla. (perforin-1 cDNA) , Dr. I. Weissman, 
10 Stanford, Palo Alto, CA (HF/Granzyme A cDNA) , and Dr. R. 
Chris Bleackley, University of Alberta, Alberta, CAN. 
(CCP I /Granzyme B cDNA) using techniques previously 
detailed. 68 

15 If normal levels of granzyme A and granzyme B mRNA 

are induced in cultures in which DPPI activity is 
inhibited while levels of granzyme A and granzyme B 
activity remain low, the accumulation of catalytically 
inactive granzyme A and granzyme B proenzymes will be 

20 assessed. One approach will be to use highly purified 
DPPI to activate granzyme A and B. In these studies, 
large numbers of B6 anti-DBA/2 allospecic T-cells will be 
generated and the granule fraction purified on percoll 
gradients. Granules will be diluted 10-fold with 10 mM 

25 Na acetate, pH 4.0, and chondroit in sulfate associated 

granzymes precipitated by centrifugation at 4 °C, 10,000 
g., as previously detailed. 69,70 Pellets will be 
resuspended in pH 5.0 phosphate buffered saline and 
incubated with purified DPPI prepared as previously 

30 described. 69,70 After varying lengths of coincubation of 

DPPI and putative granzyme proenzymes, these preparations 
will be assayed for BLT esterase and granzyme B activity. 

Because of the apparent specificity of Gly-Phe-CHN 2 
35 for DPPI, the finding that CTL's generated in the 

presence of Gly-Phe-CHN 2 have decreased BLT esterase 
activity, may be explained in that inhibition of DPPI 
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activity during CTL generation leads to a block in post- 
translational processing of newly synthesized granzyme A. 
This is proposed to cause an accumulation of unprocessed, 
functionally inactive granzyme A proenzyme. Because of 
5 the structural similarity of all of the granzyme 

precursor proteins, this hypothesis would predict similar 
effects on generation of granzyme B activity. It is 
anticipated that the above studies will demonstrate 
normal initial transcription of the genes for both 

10 granzyme A and B and the associated granule protein 

perforin. In addition, while this hypothesis predicts 
that active, processed granzyme A and B will be absent 
from CTL granules, regeneration of these activities by 
addition of exogenous processing enzyme, DPPI may also 

15 occur. 

As the nature and sequence of post-translational 
processing and the means whereby granzymes are sorted 
into cytolytic granules are not yet fully understood, 

20 other effects may also be observed. As removal of 

activation peptides from the N-termini of pancreatic 
serine proteases leads to major changes in protein 
folding and final tertiary structure, similar differences 
in the tertiary structure of precursor and mature 

25 granzymes may occur. Such differences may have effects 
on the intracellular fate and/or half -life of 
nonprocessed granzymes. 

Therefore, if despite normal induction of granzyme 
30 mRNA, granzyme activity cannot be generated by addition 
of exogenous DPPI to granule fractions isolated from CTL 
generated in the presence of Gly-Phe-CHN 2 ' additional 
studies will be performed to determine whether such 
activity can be generated by addition of purified human 
35 DPPI to other subcellular fractions. Such experiments 
may also fail because of unexpected difficulties in 
reproducing pH and ionic requirements conducive to proper 



WO 93/24634 



PCT/US93/05093 



-67- 

protein folding after DPPI processing of granzyme 
proenzyme . 

As an additional approach to detection of 
5 unprocessed granzyme A or granzyme B, these granule 
proteins will be purified and subjected to N- terminal 
amino acid sequence analysis. Granule fractions will be 
prepared as previously detailed and separated from 
Percoll by disruption in 1.5 M NaCL and 

10 ultracentrifugation. The sample will be depleted of 
perforin by passage of the soluble fraction through a 
Sephacryl S-300 gel filtration column. Individual 
granzyme proteins will be further purified by strong 
cation exchange chromatography (mono S- Column, FPLC) . 69 

15 As inactive granzymes are obtained from DPPI inhibited 

CTL, granzyme preparations isolated from control CTL will 
first be isolated by this procedure to establish 
fractions in which these enzymes are expected to appear. 
Periodic SDS-PAGE analysis of these fractions for 

20 presence of proteins of appropriate molecular weight will 
also be used to aid in isolating granzyme proenzymes. 

Following assessment of purity of such fractions by 
SDS-PAGE, bands of appropriate molecular weight will be 

25 submitted for N-terminal amino acid sequence analysis by 
automated Edman degradation. Granzyme A proenzymes with 
Glu-Arg and granzyme B proenzymes with Gly-Glu sequences 
preceding the mature Ile-Ile-Gly-Gly N-terminal residues 
may in this manner be found according to the above - 

30 described procedure. 

PROPHETIC EXAMPLE 11 
CLONING THE GENE THAT ENCODES HUMAN DPPI 

35 The present example is provided to demonstrate a 

preferred method for isolating the human dipeptidyl 
peptidase- I gene. The present example outlines two 
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approaches: (1) use of peptide sequences obtained from 
fragmented DPPI (human protein) to predict degenerate 
oligonucleotide probes , and use of the oligonucleotide 
probe to screen a human cDNA library, selecting positive 
5 clones and verifying the sequence; and (2) PCR technique 
to generate specific cDNA or screen a human cDNA library. 

Vectors and Molecular Techniques 

10 Several vectors will be used during the course of 

these studies. The original cDNA libraries were prepared 
in lambda gtll. The cDNA's, isolated from either library 
or prepared by PCR amplification, will be ligated into 
pGEM3Zf or M13mpl8 for the generation of single stranded 

15 DNA to be used for sequence analysis or mutagenesis. The 
pGEM vector contains sequences recognized by T7 and SP6 
RNA polymerases and can be used for the synthesis of RNA 
in vitro. Transfection of Jurkat cells by 
electroporation 77 will make use of the pSV2neo vector or 

20 the pCB6 vector. Eukaryotic cells transfected with 

either of these vectors can be selected by resistance to 
the antibiotic G418 due to the presence of the neo gene 78 . 
An SV40 promoter drives the synthesis of protein" from the 
neo gene. Both vectors carry the pBR322 and SV40 origins 

25 of replication for replication in both prokaryotic and 
eukaryotic cells. These vectors have been used for 
production of both transient and stable transfected 
cells. The pCB6 vector uses the CMV promoter to drive 
the synthesis of the protein from the cloned cDNA 

30 inserted into a polylinker site. The vector also 
contains the human growth hormone termination and 
polyadenylation signals to insure the synthesis of mature 
transcripts . 

35 Ant i- sense oligonucleotides will be prepared 

synthetically and added directly to cells in culture as 
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described previously (Bories et al. (1989) Cell, 59:959- 
968) . 

Design of Oligonucleotide Probe 

Based upon the sequence of the tryptic peptides 
obtained in Example 1 (see Table 4), the following 
sequences were chosen for the design of a set of 
synthetic oligonucleotides: 

5' -CC-AAA-GTC-CTG-GGC-ATA-3' 

5' -GC-ATC-ATT-CAT-ICC-ICC-ATA-3' 



These amino acid sequences were chosen to minimize 
15 degeneracy while maximizing length. These probes were 
synthesized using an Applied Biosystems DNA synthesizer 
and purified per the manufacturer's recommended protocol. 
The oligonucleotides were 5' end-labeled with 32 P before 
use in screening for the human DPPI gene. The commerical 
20 source for [ 32 P] -ATP most preferred is ICN or New England 
Nuclear. _ 

Screening of Xgtll cDNA Libraries 



25 The lambda gtll cDNA libraries had been prepared 

from poly (A) + mRNA obtained from both PHA- stimulated T- 
cells and peripheral blood monocytes in Xgtll 
bacteriophage vectors according to the method of Maniatis 
et al. Molecular Cloning (Cold Spring Harbor Laboratory, 

30 Cold Spring Harbor, N.Y.) incorporated herein by 

reference. Plaques were obtained at high density on 
nitrocellulose filters, and replica filters were prepared 
for hybridization (Maniatis, supra) . To reduce 
nonspecific background, baked filters were washed 

35 overnight in 50 mM Tris-HCl, pH 8/1 mM EDTA/l M NaCl/0.1% 
NaDodS0 4 at 37° or 42°C, then incubated at 65 °C for 3 hr 
in 4xSSC (lxSSC=0.15 M NaCl/15 mM sodium citrate), lOx 
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Denhardt's solution (1X=0.02% polyvinylpryrrolidine/O . 02% 
bovine serum ablumin/0 . 02% Ficoll) (Maniatis, supra) and 
sonicated and denatured E. coli DNA at 1,000 jxg/ml. 

5 Replicate filters independently probed with 

oligonucleotides (designated DP8A and DPPI 12) deduced 
from human DPPI protein sequences (see Figure 13A (DP8A) 
and Figure 13B (DPPI 12)) were probed with independent 
oligonucleotides* Hybridization was performed overnight 

10 in the latter solution containing 32 P-5' -end- labeled 

oligonucleotide (6xl0 6 cpm/pmol at 1 pmol/ml) . Filters 
were washed three times in 4xSSC at the hybridization 
temperature for 30 minutes per wash, dried at room 
temperature, and subjected to autoradiography. Positive 

15 plaques annealing to both independent probes were picked 
from the master plate and purified through several rounds 
of screening on plates prepared at lower placque density. 

Only about 1 out 100,000 of the screened cDNA 
20 provided a positive clone. 

PGR Protocol- for Isolating H uman DPPI Gene 

The PCR technique will be used both to provide a 
25 double screen for the positive clones obtained using 
standard cDNA screening, as well as to do initial 
synthesis of cDNA's. 

The relative position of oligonucleotide probes 
30 within the cDNA sequence can be predicted by homology to 
the rat cDNA. The peptide sequences available from the 
purified human DPPI match the N-terminal portion of the 
rat enzyme. Therefore, specific oligonucleotide primers 
have been made, based on the human enzyme structure. The 
35 various primers, and their relation to the rat cDNA, are 
listed below. 
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The primers will be used to amplify by PCR the 
sequence that spans the cDNA encoding the most N- terminal 
and most C-terminal human peptides. As well as a primer 
encoding the most N- terminal rat DPP I sequence and an 
5 engineered primer in the 3' RACE protocol (Froham, M. A. 
et al. (1988), Proc. Natl. Acad. Sci. USA, 85:8998-9002). 
The Frohman et al. (1988) reference is specifically 
incorporated herein by reference for this purpose. The 
oligo primers have been made including 5' and 3' 
10 restriction enzyme cleavage sites. This will make it 
possible to insert the amplification product into the 
multiple cloning site of M13mpl8 sequencing vector or the 
PGEM3ZF vector. The amplified sequence will provide a 
superior probe for screening the initial lambda gtll 
15 libraries in order to obtain a full length cDNA, if 

required. The pGEM "Vector carries sites for initiation 
of transcription by T7 and SP6 RNA polymerases on 
opposite sides of the multiple cloning site. Therefore, 
this vector will be useful for in vitro transcription/ 
20 translation of cloned sequences as well as for generating 
template for sequencing. 

Once identified and cloned (by either one of the 
above methods) , the cDNA for human DPPI will be separated 
from the lambda vector by EcoRl restriction endonuclease 
digestion and separation on agarose gels or the PCR 
product will be isolated directly on agarose gels. The 
isolated cDNA will be characterized by size, restriction 
endonuclease digestion and then subcloned for sequence 
analysis. The nucleotide sequence obtained will be 
analyzed for the presence of a continuous open reading 
frame and the translation to amino acid sequence. The 
deduced amino acid sequence will be searched for the 
presence of the peptide fragments used to design the 
original oligonucleotide probes as well as other peptide 
sequences obtained from purified protein. This will 
directly confirm the appropriateness of the cloning 



25 



30 



35 
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process. This information will also provide a better 
comparison with the rat DPPI protein and nucleotide 
sequences and other members of the papain protease 
family. 

5 

The isolated cDNA will be used in the generation of 
probes for Northern and Southern blot analysis, and 
subcloned into pGEM3Zf for expression in cell-free 
expression systems. Based on the size of the isolated 

10 protein subunit, a full length cDNA copy of the DPPI 

transcript would be approximately one kilobase in length, 
including a portion of the poly-A tail. However, based 
on the cDNA sequence of rat DPPI and the results of 
Northern blots of rat tissue mRNA, the DPPI transcript is 

15 considerably larger (2.1 kb) than might be expected. The 
size of the rat cDNA- was over 1800 bases 79 . The open 
reading frame of the rat DPPI cDNA predicted a 
translation product with a molecular weight of 52,000. 
The pro-peptide predicted from the cDNA was, in fact, 

20 larger than the mature enzyme subunit. 

Assessment of the expression of DPPI in human cell lines 

Any sizable (300 base pairs or larger) fragment of 
25 the cloned cDNA will be useful for additional Northern 
Blot analysis and nucleotide sequencing. For the 
Northern Blot analysis, the cDNA fragment can be used 
directly as a template for the synthesis of a 
radiolabeled probe. The Northern blot analysis will 
30 demonstrate directly the steady state level of DPPI mRNA 
in various cell and tissue types. Cell lines that do not 
express DPPI mRNA or enzymatic activity could be useful 
for the transfection experiments. Thus, COS-1 cells arid 
the panel of human cells and cell lines detailed in Table 
35 11 will be assessed for DPPI mRNA by Northern blot 
analysis . 
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TABLE 11 
HUMAN CELLS AMD CELL LIMES 



NK (CD16+) 


THP-1 


JURKAT 


U-937 


CD8+T 


ENDOTHELIAL 


PMN 


CD4+T 


FIBROBLASTS 


MACROPHAGES 


COS-1 




HL-60 


B cells 





10 

If discrepancies are noted between levels of DPPI 
enzymatic activity and mRNA levels in any of the cells 
studied, alternative approaches will be employed to 
characterize DPPI expression in those cells. 

15 Specifically, PGR amplification will be used to detect 

low levels of DPPI mRNA in cells that express a DPPI-like 
enzymatic activity. If DPPI mRNA is not detected in 
these cells, the apparent DPPI activity will be compared 
to the activity of spleen DPPI by determining subcellular 

20 localization, substrate and inhibitor specificity, 
chromatographic and electrophoretic behavior and 
antigenic identity. 

Preparation of an ti -DPPI antibodies 

25 

Antibodies to human DPPI will be produced in 
rabbits. Since it is difficult to purify large amounts 
of DPPI from human spleen, alternate sources of antigenic 
material are desirable. As cloning and sequence analysis 
30 of DPPI cDNA progresses, an alternate strategy for 

generating DPPI antigen becomes available. The deduced 
amino acid sequence of human DPPI cDNA will be analyzed — 

< 

for sequences considered suitable for use as a synthetic 
peptide antigen. The main features considered important 
35 for the selection of a peptide sequence for use as an 
antigen are uniqueness, length (minimum of 10 residues) 
and hydrophilicity. To date, the peptide sequences 
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obtained from purified human DPPI have been short and 
predominantly hydrophobic (Table 4) . Once identified, 
the most suitable peptide sequence would be prepared by 
chemical synthesis and cross-linked to a carrier protein 
5 for immunizing rabbits. 

PROPHETIC EXAMPLE 12 
PREPARATION OF ANT I SENSE OLIGONUCLEOTIDES 
FOR INHIBITION OF EXPRESSION OF DPPI GENE 

10 

The present example is provided to describe in 
detail the method which will be used to prepare antisense 
oligonucleotides which specifically bind the human 
dipeptidyl peptidase -I gene, and thereby inhibit human 
15 DPPI synthesis. 

It is contemplated that the following antisense 
oligonucleotides specific for fragments of the human DPPI 
gene may be used in the present invention as primers or 
20 probes : 



(1) 


5' 


-AC-AAA-GTT-GAT-GCC-ATG-3 ' 


(17-mer) 


(2) 


5' 


-TT-GAT-ICC-ATG-IAC-ATT-3' 


(17-mer) 


(3) 


5' 


-CC-AAA-GTC-CTG-GGC-ATA-3 ' 


(17-mer) 


(4) 


5' 


-CC-AAA-ATC-TTG- IGC-ATA- 3 ' 


(17-mer) 


(5) 


5' 


-CC-AAA-GTC-CTG-IGC-ATA-3 ' 


(17-mer) 


(6) 


5' 


-CC-AAA-ATC-CTG-IGC-ATA-3 ' 


(17-mer) 


(7) 


5' 


-CC-AAA-GTC-TTG-IGC-ATA-3 ' 


(17-mer) 


(8) 


5' 


-GC-ATC-ATT-CAT-ICC-ICC-ATA-3' (20-mer) 


(9) 


5' 


-TTC-AAA-GGC-AAC-TGC-CAT-GGG-3 ' (21-mer) 


(10) 


5' 


-CTA-CAA-TTT-AGG-AAT-CGG-TAT-GGC-3 ' (24-mer) 



It is contemplated that the sequences may be useful 
for antisense therapy for the herein described methods 
35 and therapeutic agents. 
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Identification of the clone containing DPPI gene and its 
sequencing. 

Recombinant X phage DNA will be purified from 
5 positive plaques and subjected to restriction mapping. 
Restriction fragments will be hybridized to the 
oligonucleotide probe to confirm the initial screening 
and to localize a restriction fragment for DNA sequence 
analysis. The DNA sequence will confirm the identity of 
10 the clone containing the gene that encodes DPPI. Unique 
17-24 base sequences complementary to the coding sequence 
will be chosen for the construction of antisense 
oligonucleotides . 



15 Oligonucleotide synthesis 

The oligonucleotides 
phosphorothioat e -modified 
vivo and their resistance 
20 may be prepared according 



are preferably 

to enhance their stability in 
to nuclease degradation, and 
to the following protocol. 



The phosphorothioat e-modif ied oligonucleotides may 
be obtained commercially, however, methods known to those 
of skill in the art of oligonucleotide synthesis may also 
25 be employed in synthesizing the oligonucleotides 

described. For example, a 20-mer oligodeoxynucleotide 
may be synthesized with a phosphorothioate substitution 
at each base and purified by HPLC. 

30 A general method for preparing oligonucleotides of 

various lengths and sequences is described by Caracciolo 
et al. (1989) Science, 245:1107 and by Stein and Cohen 
(1989) In: Oligodeoxynucleotides, Antisense Inhibitors of 
Gene expression J.S. Cohen, ed CRC Press, Boca Raton, 

35 PI.) which reference is specifically incorporated herein 
by reference for the purpose. 
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In general, there are two commonly used solid phase- 
based approaches to the synthesis of oligonucleotides 
containing conventional 5' -3' linkages, one involving 
intermediate phosphoramidites and the other involving 
5 intermediate phosphonate linkages. In the 

phosphoramidite synthesis a suitably protected nucleotide 
having a cyanoethylphosphoramidate at the position to be 
coupled is reacted with the free hydroxyl of a growing 
nucleotide chain derivatized to a solid support. The 
10 reaction yields a cyanoethylphosphite, which linkage must 
be oxidized to the cyanoethylphosphate at each 
intermediate step, since the reduced form is unstable to 
acid. 

15 The phosphonate based synthesis is conducted by the 

reaction of a suitably protected nucleotide containing a 
phosphonate moiety at a position to be coupled with a 
solid phase-derivatized nucleotide chain having a free 
hydroxyl group, in the presence of a suitable activator 

20 to obtain a phosphonate diester linkage, which is stable 
to acid. Thus, the oxidation to the phosphate or 
thiophosphate can be conducted at any point during 
synthesis of the oligonucleotide or after synthesis of 
the oligonucleotide is complete. 

25 

The phosphonates can also be converted to 
phosphoramidate derivatives by reaction with a primary or 
secondary amine in the presence of carbon tetrachloride. 
To indicate the two approaches generically, the incoming 

3 0 nucleotide is regarded as having an "activated" 

phosphite/phosphate group. In addition to employing 
commonly used solid phase synthesis techniques, 
oligonucleotides may also be synthesized using solution 
phase methods such as triester synthesis. These methods 

35 are workable, but in general, less sufficient for 
oligonucleotides of any substantial length. 
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Each lot of oligonucleotide will be characterized 
with respect to the completion of synthesis, and will be 
gel purified. Gel purification is used for purposes of 
the present invention to remove oligonucleotide strands 
5 which do not include the desired nucleotide length. 

Antisense oligonucleotides having a length of at least 15 
nucleotides will be selected for formulation into the 
therapeutic preparations of the present invention. For 
example, therapeutic formulations may be prepared 

10 according to those methods described in: Antisense 
Nucleic Acids and Proteins, Fundamentals and 
Applications, (Joseph Moll and Alexander Van der Krol, 
editors (1991) Marcel Deckker, Inc) , which reference is 
specifically incorporated herein by references for this 

15 purpose . 

PROPHETIC EXAMPLE 13 
SELECTION OF HUMAN DPPI ANTISENSE 
OLIGONUCLEO TIDES AS DPPI INHIBITORS 

20 

The present example is provided to demonstrate the 
technique to be used for selecting the most potent 
antisense oligonucleotides generated in Example -13 for 
use as DPPI -inhibitor therapeutic agents. Both an in 
25 vitro transcription assay and cell culture system to test 
for growth/maturation inhibitory action of the 
oligonucleotide will be used to select the most potent 
antisense oligonucleotides to be used in therapeutic 
agents as human DPPI inhibitors. 

30 

Jn Vitro Transcription / Translation Assay 

cDNA inserted in the polylinker site of pGEM rector 
will be transcribed in vitro with T7 or SP6 polynerose. 
35 the RNA will be translated in a reticulocyte extract in 
the presence or absence of canine pancreatic membranes. 
The protein product will then be assayed for enzymatic 
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activity and for reactivity with a specific anti-DPPI 
antibody. 

Culture of Myeloid Cells with An ti sense Oligonucleotides 

5 

Synthetic oligonucleotides will be prepared with 
sequences that are complementary to the DPPI sense RNA 
strand as described in Example 12. These antisense 
oligonucleotides will be taken up by cells and should 

10 block the translation of human DPPI mRNA. The sequences 
of these synthetic antisense oligonucleotides will be 
determined after the human DPPI cDNA sequence has been 
analyzed. Since many of the related human cysteine 
proteases have been cloned and sequenced , the synthetic 

15 oligonucleotides will be made so as to minimize cross- 
hybridization of their mRNAs. As a control for these 
experiments, cells will be exposed to DPPI "sense" 
oligonucleotides of equal length. Specifically, short (5- 
to 35-mer) synthetic oligonucleotide segments will be 

20 used to inhibit the synthesis of specific proteins. This 
strategy has been used in HL-60 cells to inhibit the 
synthesis of myeloblast in. 59 The uptake and stability of 
the synthetic oligonucleotides in U-937 cells will be 
measured by incorporating a radioactive label during 

25 synthesis or by end- labeling with 5' polynucleotide 
kinase. Before incubating the cells with the 
oligonucleotide, its specificity will be verified by 
Northern blotting. If required, longer antisense strands 
will be generated f rom^ cloned sequences using the pGEM 

30 vector and in vitro transcription. 

Additionally, the level of DPPI activity remaining 
in the antisense treated cells will be determined as a 
gauge for the effectiveness of the treatment. If DPPI 
35 activity is not completely depressed in cells treated 
with antisense oligonucleotides, high expression 
antisense transf ectants will be prepared to insure that 
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the antisense sequence is in excess over sense 
transcripts . 

PROPHETIC EXAMPLE 14 
5 PROPOSED TREATMENT AND THERAPIES OF MALIGNANCIES 

OF MYELOID CELL ORIGIN OR IMMUNOLOGICALLY MEDIATED 
DISEASE WITH hDPPI ANTISENSE OLIGONUCLEOTIDE PREPARATIONS 

The present example is provided to define a proposed 
10 method by which the described oligonucleotides may be 
employed in a therapeutic regimen in the treatment of 
humans with malignancies of myeloid cell origin or 
immunologically-mediated disease. 

15 Intravascular Administration 

The antisense oligonucleotides specific for the 
inhibition of human DPPI gene expression described in 
Example 12 may be formulated in an excipient suitable for 

20 systemic administration to a human. Such requires that 

the formulation be prepared at a suitable pH, etc., so as 
to be pharmacologically acceptable for human 
administration. By way of example, the most preferred 
excipient or carrier solution of the formulation is a 

25 sterile Ringers solution. 

The antisense oligonucleotide formulation may be 
prepared as described in Example 3 at a concentration of 
about 10 mg/ml in the liquid sterile carrier solution of 
30 choice. 

The formulation is to be prepared most preferably in 
a Ringers solution at a pH and concentration which is .... 
pharmacologically acceptable as an intravascular, 
35 particularly intravenous, treatment for a human patient. 
Oligonucleotide preparations for systemic administration 
which are physiologically compatible may be prepared 
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employing solutions and techniques described in general 
in Remmingtons Pharmaceutical Sciences (1990), 81 which 
reference is specifically incorporated herein by 
reference for the purpose of describing solutions 
5 suitable for human administration. 

Most preferably, the oligonucleotide preparation 
should be formulated so as to constitute a concentration 
of about 10 mg antisense oligonucleotide/ml carrier 

10 solution. A most preferred dose of the oligonucleotide 
formulation for an average human subject having a 
malignancy of myeloid cell origin or an immunologically 
mediated disease is between about 50 mg/kg and 100 mg/kg. 
Thus, an average human male weighing about 70 kg would be 

15 treated with an infusion volume of between 50 ml and 100 
ml of a 1 mg/ml oligonucleotide preparation of the herein 
described antisense oligonucleotide. 



Within the above described range of treatment doses, 
20 the most preferred dose of oligonucleotide formulation to 
be used is about 75 mg/kg. A most preferred regimen for 
the treatment of an adult human male having a malignancy 
of myeloid cell origin or an immunologically mediated 
disease would therefore constitute about 75 ml of a 10 
25 mg/ml solution of antisense oligonucleotide in a Ringers 
solution physiologically suitable for administration to a 
human . 

Systemic administration, particularly intravascular, 
30 such as intravenous administration, provides a most 

preferred mode of administering the described antisense 
oligonucleotide preparations to a patient as they provide 
for systemic the widespread distribution of the 
oligonucleotides . 



35 
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PROPHETIC EXAMPLE 15 
PROPOSED ROLE OF DPPI ACTIVITY INHIBITION 
IN CTL ACTIVATION AND EFFECTOR FUNCTIONS 
DEPENDENT UPON GRANULE SERINE PROTEASE ACTIVITY 

5 

Addition of Gly-Phe-CHN 2 to murine mixed lymphocyte 
cultures has been shown by the present inventors not only 
to inhibit generation of granzyme A (BLT esterase) 
activity within the granules of alloactivated T-cells, 

10 but also to impair allospecific cytolytic activity of 
these granzyme deficient effector cells. In parallel 
with studies detailed in the previous section, the 
following additional studies will be performed to assess 
the possibility that such impairment of cytotoxic 

15 activity is directly or indirectly related to failure to 
generate granzyme activity. 

In initial studies, B6 anti-H-2 d CTL will be 
generated in the presence or absence of Gly-Phe-CHN 2 or z " 

20 Phe-Gly-Phe-CHN 2 as detailed herein. The function of 
these effector cells will be assessed in cytotoxicity 
assays designed to detect functions previously ascribed 
to granzyme effector function. Thus, assessments of CTL 
induced DNA fragmentation will be made and contrasted to 

25 rates of 51 Cr release. In addition, the kinetics of 

target cell lysis will be assessed to determine whether 
delays in effector cell recycling occur in granzyme 
deficient CTL. Therefore, both 51 Cr- and [ 3 H] -thymidine 
labeled P-815 (H-2 d ) targets will be employed in assays 

30 varying from 1-18 hours in length. Similarly labeled EL4 
(H-2 b ) will be included in some experiments to establish 
the role of allospecific CTL versus lymphokine activated 
killer cells. All assays will be performed in the 
presence or absence of 10" 5 M Gly-Phe-CHN 2 to delineate 

35 the role of any newly synthesized DPPI in modulating 
cytolytic activity during longer assay intervals. 
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The degree of impairment of lytic activity observed 
in CTL generated in the presence of continuous DPPI 
inhibition will be further investigated to determine if 
the culture conditions employed did not generate 
5 significant perforin activity, or if DPPI inhibition in 
some way indirectly impaired generation of perforin lytic 
activity. To assay perforin or related lytic mechanisms 
more directly, independent of nuclear degradation, 
additional 1-4 hour assays will utilize 51 Cr labeled TNP- 
10 modified SRBC as targets of cytotoxicity triggered by 
anti-CD3/anti-TNP heteroconjugated antibodies as 
previously described. 51 

Where capacity for SRBC lysis is found to be 
15 significantly impaired in CTL generated under culture 
conditions in whichT levels of perforin mRNA expression 
are not decreased, additional studies will be performed 
to determine whether active perforin proteins can be 
isolated from granules of CTL generated in the presence 
20 of DPPI inhibition. Large numbers of allospecific CTL 

will be generated in the presence or absence of Gly-Phe- 
CHN 2 and after washing the CTL will be disrupted in Ca ++ - 
free medium and the granules isolated on discontinuous 
Percoll gradients. Aliquots of the purified granules 
25 will then be added to 51 Cr labeled SRBC suspended in pH 

7.2 (10 mM Tris.HCl) buffered 0.15 M saline supplemented 
with 5 mM CaCl 2 . After 30 minute incubations, samples 
will be centrifuged and 51 Cr release analyzed. 

30 , Where hemolytic activity is not detected in granule 

fractions of CTL activated in the presence of DPPI 
inhibition, granules will be extracted by mixing with an 
equal volume of 1 M NH 4 acetate, pH 5.0, 1 mM EGTA, 3 mM 
NaN 3 , 0.2 ii/ml aprotinin, 0.5 mM PMSF and sonicated as 

35 previously described. 31 After centrifugation at 100,000 g 
and dialysis against pH 7.0 Hepes-buf f ered saline with 
0.1 mM EGTA and 3 mM NaN 3 , extracted granule proteins will 
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be assayed for hemolytic activity. If deficient 
hemolytic activity is still noted, aliquots of purified 
human DPPI or granzyme fractions isolated from control 
CTL as detailed herein will be added, and the capacity to 
5 activate perforin via either processing of inactive 
perforin precursors or synergistic effects on RBC 
membrane structures will be assessed. 

Additional studies will also be performed to assess 
10 whether impairment of DPPI mediated post-translational 

processing of granzymes leads to accumulation of aberrant 
protein molecules that alters granule organization in 
ways that nonspecif ically affect transport of other 
proteins to this intracellular compartment. A major 
15 component of the cytoplasmic granules in CTL is 

chondroitin sulfate proteoglycan. 8 Therefore, the 
organization of cytoplasmic granules will be assessed by 
the presence of newly synthesized proteoglycan. Na 2 35 S0 4 
will be added to control and DPPI inhibited MLC for 24 
20 hours before harvesting CTL and granule fractions 

isolated as previously detailed. Granule fractions will 
be assessed for 35 S, and SDS-PAGE analysis will be 
performed to assess presence of 35 S- labeled 400 KDa 
proteoglycans . 

25 

PROPHETIC EXAMPLE 16 
THE ROLE OF DPPI ENRICHED EFFECTOR CELLS AMD 
DPPI ENZYMATIC ACTIVITY IN IN VIVO ALLOIMMUNE RESPONSES 

30 The close association between in vitro or in vivo 

generation of CTL effector function and the expression of 
granzyme serine protease activity may relate to the role 
these enzymes play in the effector functions of these 
cells. The present example outlines additional studies 

35 to assess whether indirect inhibition of granzyme 

generation by DPPI inhibition has discernible effects on 
the course of GVHD or skin allograft rejection. In these 
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studies, the course of disease mediated by control or CTL 
depleted (Leu-Leu-OMe treated) donor cells will be 
compared to that generated in the presence of continuous 
DPPI inhibition and putative impaired generation of 
5 active granzyme protease activity. 

Initial studies will be performed to establish 
regimens of repetitive subcutaneous Gly-Phe-CHN 2 injection 
or continuous subcutaneous infusion of Gly-Phe-CHN 2 by 

10 osmotic pumps (Alzet Corp.) that achieve sustained >95% 
inhibition of in vivo SpC DPPI activity. Once such 
regimens are established and preliminary studies with CTL 
activated in the presence or absence of Gly-Phe-CHN 2 
indicate optimal assay conditions for demonstrating the 

15 effects of this inhibitor on cytolytic effector 

mechanism, studies will be performed to analyze in vivo 
effects of Gly-Phe-CHN 2 on generation of granzyme 
enzymatic activity and capacity for lysing a nucleated or 
nucleated target cells. In these studies, 3-5 B6 mice 

20 per group will be infused with DPPI inhibitor, Z-Phe-Gly- 
Phe-CHN 2 (control inhibitor) ' or vehicle control and 
peritoneal exudate lymphocytes (PEL) will be harvested 
either 7 days after a primary I. P. injection of Class I + 
II. H-2 d expressing 70Z/3 cells or on days 3-5 after a 

25 secondary I. P. injection with P-815 cells. 

In preliminary studies, the present inventors have 
found that under these conditions 1-2 X 10 7 cytolytic PEL 
per animal are routinely obtained. Sufficient cells from 

30 each animal will be obtained to perform both multiple 

lytic assays and to obtain isolated granule fractions for 
enzymatic assays. As PEL have been reported to be 
agranular BLT esterase deficient CTL, 43 an additional 
regimen (Thiele et al. (1988) J. Immunol. 141:3377-3382) 

35 described below will be employed to elicit splenic CTL 
during allogeneic GVHD responses. 
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Irradiated B6D2F1 mice will be infused by lateral 
tail vein injection with 30 x 10 6 B6 SpC. Recipient 
spleens will be harvested 5 days later and assayed for 
allospecific CTL activity and granule BLT esterase and 
5 granzyme B activity. It is expected that these studies 
will demonstrate that inhibition of DPPI activity has 
effects on in vivo generated CTL lytic activity and 
granzyme activity similar to those demonstrated for in 
vitro activated CTL. In addition, these studies will 

10 establish Gly-Phe-CHN 2 administration regimens for 

subsequent assessment of effects of this inhibitor on the 
evolution of GVHD or skin allograft rejection. As in 
vivo administration of enzyme inhibitors may be 
associated with upregulation of DPPI mRNA, relatively 

15 high inhibitor doses may be required. However, as a 

single injection of Gly-Phe-CHN 2 has been found to induce 
sustained inhibition of DPPI over 24 hours, this Gly-Phe- 
CHN 2 inhibitor seems to not have an unduly short in vivo 
half -life, and even if daily doses need to be increased 

20 by an order of magnitude or more, such doses would 
represent several mg per animal per day. 

As prior studies in the inventors laboratory have 
demonstrated a role for Leu-Leu-OMe sensitive cytotoxic 

25 effector cells in the generation of lethal GVHD in 

B6h>B6D2F1 mice and in mediating acute rejection of B6D2F1 
skin by B6 effector T-cells, these transplant models will 
be employed in initial studies with DPPI - inhibitors . 
Leu-Leu-OMe sensitive B6 effector cells have also been 

30 shown to play a requisite role in generating destructive 
lesions of the intralobular bile ducts in Class I MHC 
disparate B6 X bml Fl mice or multiple non MHC antigen 
disparate Balb.B X B6 Fl mice. In additional studies, 
similar hepatic lesions have been seen in the Class I+II 

35 MHC disparate and multiple non-MHC antigen disparate 
B6h»B6D2F1 mice. 
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In contrast to the GVHD lesions generated in many 
other organs during GVHD, the periductular lesions 
generated between 11 and 42 days post-BMT in these mice 
have been found to be composed of an almost purely 
5 lymphocytic inflammatory infiltrate and therefore effects 
of any of the agents to be tested on DPPI enriched 
myeloid cells is not likely to affect interpretation of 
results. Thus, in addition to assessing GVHD induced 
mortality, the course of hepatic GVHD in B6-»B6D2F1 mice 
10 will be followed. 

Following preliminary studies defining in vivo 
regimens adequate to provide sustained inhibition of 
DPPI, studies will be performed in which 3-5 irradiated 

15 B6D2F1 will receive in vivo DPPI inhibitors such as Gly- 
Phe-CHN 2 in conjunction with 5 x 10 6 B6 BMC and 2 x 10 7 B6 
SpC. Survival will be compared to that of groups of 
B6D2F1 recipients of control or Leu-Leu-OMe treated donor 
cells in which reservoirs containing only vehicle control 

20 will be implanted. All animals will be sacrificed 14 
days after transplantation. Spleen cells will be 
assessed for DPPI, cathepsin B, BLT esterase and granzyme 
B activity, and livers will be sectioned and assessed 
histologically for degree of periportal inflammatory 

25 infiltrates and frequency of destructive bile duct 
lesions utilizing a scoring system as previously 
detailed. 54 

As one of the demonstrated activities of granzyme A 
30 is the capacity to degrade extracellular matrix proteins, 
these studies will be of value in evaluating the effects 
of DPPI inhibition on bile duct epithelial damage 
postulated to result from cell mediated cytotoxicity, and 
in assessing the role of granzymes in the migration of 
35 effector lymphocytes into tissues. 
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In additional studies performed in this same strain 
combination, mortality rates will be followed in the same 
study groups. Drug reservoirs will be replaced at 2 week 
intervals. However, as lethal GVHD usually develops 
5 within 14-25 days post -transplantation, results will be 
drawn from 28 day study terms. In these studies, 
additional animals will be added to each experimental 
group with plans to sacrifice these animals at weekly 
intervals for assessment of SpC DPPI, BLT esterase, and 
10 cathepsin B activity. Such studies will assess the 

efficacy and specificity of the DPPI inhibitor regimen 
employed. 

PROPHETIC EXAMPLE 17 
15 EFFECTS OF DPPI INHIBITORS ON GVHD 

Depending on the results of Example 16, additional 
studies will be performed to assess the effects of DPPI 
inhibitors on GVHD directed at more limited 

20 histocompatibility antigen disparity. Thus, if positive 
benefits of DPPI inhibition are observed, bm!2 Class II 
MHC disparities that have been observed to generate 
predominately CD4 T helper cell responses will be 
utilized to determine whether any role for DPPI or 

25 granzyme function can be shown in GVHD or allograft 

rejection mediated by such effector cells. Additional 
experiments employing non-MHC encoded antigenic 
disparities will be performed to determine whether 
effects of DPPI inhibition can be seen in GVHD generated 

30 in response to less potent immunologic stimuli. 

PROPHETIC EXAMPLE 18 
EFFECTS OF DPPI INHIBITORS ON SKIN ALLOGRAFT REJECTION 



35 



The effects of DPPI inhibition on B6D2F1 skin 
allograft rejection by B6 mice will be assessed. Because 
of the presence of host -derived CTL precursors in adult 
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thymectomized T-cell depleted mice, these studies will be 
performed in normal B6 recipient mice. Prior to such 
studies, in vivo regimens for dipeptide methyl ester 
mediated CTL depletion will be assessed. The benzyl 
5 ester derivative of Leu-Leu-OMe has been found by the 
present inventors to be 5-fold more potent that Leu-Leu- 
OMe in mediating depletion of NK cells. The inventors' 
recent studies have also demonstrated that norleucyl- 
norleucine methyl ester is 2- fold more active that Leu- 
10 Leu-OMe. Therefore, these Leu-Leu-OMe animals as well as 
those given norLeu-norLeu-OBenzyl will be assessed for 
efficacy of in vivo CTL depletion. The present inventors 
have found that nor eucaine containing dipep tides are 
taken up by leukocytes and are substrates for DPPI, and 
15 thus are potentially useful in fashioning specific 
norleucine -nor leucine DPPI inhibitos. 

Following screening of these agents, studies will be 
performed in which bolus injections of these agents will 
be given at various intervals to B6 recipients of B6D2F1 
skin grafts. Skin graft survival in these mice will be 
compared to that of control recipients, recipients of 
sham reservoir implants and recipients of continuous 
infusions of Gly-Phe-CHN 2 - Depending upon the results of 
initial experiments, additional studies will be performed 
using skin grafts with Class I MHC only, Class II MHC 
only or multiple non-MHC encoded antigenic differences, 
to determine whether putative roles of CTL or CTL 
generated granule serine proteases play greater or lesser 
roles in immune responses elicited by these separate 
classes of alloantigenic differences. 



20 



25 



30 
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EXAMPLE 19 

CELLULAR INHIBITION OF DIPEPTIDYL PEPTIDASE 1 WITH 
AMINO -TERMINUS BLOCKED DIPEPTIDYL PEPTIDASE -1 INHIBITORS 

5 The present example demonstrates, among other 

things, that forms of the DPPI inhibitors that include an 
amino terminus blocking group are effective for 
inhibiting dipeptidyl peptidase in living cells. The^e 
findings were surprising and unexpected as compounds 

10 having a blocked amino terminus were believed to prevent 
DPPI -mediated degradation of peptide substrates. The Z- 
terminally blocked inhibitors described herein were 
synthesized with starting materials and techniques known 
to those of skill in the art of medicinal chemistry. The 

15 reference of Green and Shaw (1986, J. Biol. Chem. , 

256 (4) :1923-1928) is specifically incorporated herein by 
reference in regard to a protocol known that can be used 
to synthesize the Z-containing molecules. 
R 3 -NH-CR 1 -CO-NH-CR 2 -X 

20 

Molecules having the general structure are 
demonstrated by the present inventors to be effective 
inhibitors of human dipeptidyl peptidase-I. R 3 is defined 
as the blocking group to the amino terminus of the 

25 dipeptidyl peptidase-1 inhibitor. In the referenced 

structure, R x is H, -CH 2 OH, -CH(CH 3 ) 2 , -CI^CH (CH 3 ) 2 , or a 
lower alkyl, R2 is a lower alkyl, or -CH 2 CH (CH 3 ) 2 , and X 
is -CHN 2 , -CH 2 F, or -CH 2 S(CH 3 ) 2 . R 3 is defined as an 
amino-terminal blocking group or an amino acid or peptide 

3 0 that can be cleaved by a cellular enzyme. 

In a more preferred embodiment, R 3 is 
benzyloxycarbonyl , commonly abbreviated "Z" by those of 
skill in the art. By way of example, the DPPI-1 
35 inhibitros of this structure include Gly-Phe-CHN 2 , Z-Phe- 
Ala-CHN 2 , Z-Phe-Gly-Phe-CHN 2 , and Z-Ala-Phe-Ala-CHN 2 . For 
purposes of describing the present invention, the term 
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cellular enzyme is defined as an enzyme present on the 
surface of the cell or within the cell that is capable of 
cleaving the R 3 -N bond in the af oredescribed structure, 

5 Purified human DPPI or DPPI enriched U937 cells were 

incubated with various of the inhibitors described herein 
for 1 or 24 -hours. The effect on DPPI activity was then 
assessed. 



10 Gly-Phe-CHN 2 was shown to be an effective inhibitor 

of purifed DPPI and of DPPI within intact U937 cells. As 
demonstrated in Table 12, Gly-Phe-CHN 2 was effective for 
inhibiting DPPI in U937 cells at concentrations of as low 
as 0.33 fM (See Talbe 12, 0.33 fM Gly-Phe-CHN 2 at 1 hour = 

15 40% control activity (60% inhibition) , at 24 hours = 28% 
control activity (78% inhibiton) ) . 
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TABLE 12 

DIFFERENTIAL EFFECTS OF DIAZOMETHYLKETONE DERIVATIVES 
OF PEPTIDES WITH OR WITHOUT FREE AMINO TERMINI ON 



ACTIVITY OF PURIFIED OR INTRACELLULAR DPPI 



Inhibitor 


Activity 
of 

Purified 
DPPI 


DPPI Activity within 
Intact U937 




after 1 hr 


after 1 hr 


after 24 
brs 






% of 
Control 

six* Llvliy 




0.33 nM Gly-Phe- 
CHN 2 


48 


40 


28 


1 MM Gly-Phe-CHN 2 


21 


13 


6 


3 /iM Gly-Phe-CHN 2 


5 


1 


1 


0.33 /iM Z-Phe- 
Ala-CHN 2 


113 


69 


51 


1 uM Z-Phe-Ala- 
CHN 2 


118 


40 


17 


3 /iM Z-Phe-Ala- 
CHN 2 


100 


14 


4 ! 


0.33 /iM Z-Phe- 
Gly-Phe-CHN 2 


102 


62 


48 


1 /iM Z-Phe-Gly- 
Phe-CHN 2 


106 


39 


19 


3 uM Z-Phe-Gly- 
Phe-CHNj» 


99 


21 


3 


3 /iM Z-Gly-Por- 
CHN 2 


105 


96 


95 



The inhibitor, Z-Phe-Ala-CHN 2 comprises the 
30 diazomethyl ketone derivative of the DPPI dipeptide 
substrate, Phe-Ala, with a "blocked" amino terminus. 
Z-Phe-Ala-CHN 2 was observed to have no direct inhibitory 
effects on purified DPPI. Surprisingly, however, when 
intact cells were incubated with this amine terminal 
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blocked compound, DPPI activity in the cells was 
inhibited. (See Table 12, 0,33 /xM Z-Phe-Ala-CHN 2 = 69% of 
control activity at 1 hr, 51% of control activity at 24 
hr; 1 fiM Z-Phe-Ala-CHN 2 = 40% of control activity at 1 hr, 
5 17% of control activity at 24 hr; 3 * 14% of control 
activity at 1 hr, 4% of control activity at 24 hr) . 
Because these Z- terminally blocked inhibitors were 
capable of inhibiting DPPI in cellulo (i.e., in an intact 
cell) , but not in vitro the inventors hypothesize that 
10 intact cells incude an enzymatic activity that is capable 
of removing the Z ( benzyl oxycarbonyl) blocking group. 

The second Z- terminally blocked inhibitor examined 
at Table 12 is Z-Phe-Gly-Phe-CHN 2 . This compound did not 
inhibit purified DPPI. Surprisingly, however, this agent 
did in fact inhibit DPPI in intact cells, such as U937 
cells (See Table 12, 0.33 f*M Z-Phe-Gly-Phe-CHN 2 = 62% of 
control (38% inhibition) at 1 hr, 48% of control (52% 
inhibition) at 24 hr; 1 fM = 39% of control (61% 
inhibition) at 1 hr; 19% of control (81% inhibition) at 
24 hr; 3 (M = 21% of control (7% inhibition) at 1 hr, 3% 
of control (97% inhibition) at 24 hr) as shown by the 
present inventors. A chymotrypsin-like protease (or 
another protease) capable of cleaving between the first 
phenylalanine and the glycine may be the cellular enzyme 
that releases Gly-Phe-CHN 2 , and in turn inhibits DPPI in 
intact cell systems. 

The DPPI inhibitors of the present invention 
30 therefore include a variety of tf- terminal amine blocked 
structures, such as those represented by the formula R 3 - 
NH-Cfy-CO-NH-CI^-X, and methods for using these inhibitors 
for inhibiting human dipeptidyl peptidase activity in 
cells. More specifically defined, the R 3 group comprises 
35 a single amino blocking group, an amino acid or a peptide 
capable of being cleaved by a serum or cellular enzyme at 
the peptide-Gly bond of the inhibitor. The most 
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pref erred DPPI-I inhibitor is Z-Phe-Gly-Phe-CHN 2 - 

Employing the disclosure of the present invention, 
similar DPPI inhibitors may be used in the design and 
synthesis of other effective DPPI inhibitors of higher 
5 molecular weight. Inhibitors of higher molecular weight 
according to the present invention are particularly 
suitable for use in vivo, as they are expected to have a 
longer in vivo half life. In addition, the ^-terminal 
modification of the DPPI inhibitor may be tailored so as 
10 to provide for the targeting of the inhibitor to specific 
cell types. For example, Pr-Gly-Phe-CHN 2 would target 
DPPI inhibition to activated T cells expressing the cell 
surface protease DPP IV Gly-Pro-X is a relatively 
specific substrate for DPPI. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

5 

(i) APPLICANT: 

(A) NAME: BOARD OF REGENTS 

THE UNIVERSITY OF TEXAS SYSTEM 

(B) STREET: 201 WEST 7TH STREET 
10 (C) CITY: AUSTIN 

(D) STATE: TEXAS 

(E) COUNTRY: USA 

(F) POSTAL CODE (ZIP) : 78701 

15 (ii) TITLE OF INVENTION: DIPEPTIDYL PEPTIDASE-I 

INHIBITORS AND USES THEREOF 

(iii) NUMBER OF SEQUENCES: 38 

20 (iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: ARNOLD, WHITE & DURKEE 

(B) STREET: P.O. BOX 4433 

(C) CITY: HOUSTON 

(D) STATE: TEXAS 
25 (E) COUNTRY: USA 

(F) ZIP: 77210 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: FLOPPY DISK 

30 (B) COMPUTER: IBM PC COMPATIBLE 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patent In Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 
35 (A) APPLICATION NUMBER: UNKNOWN 

(B) FILING DATE: UNKNOWN 

(C) CLASSIFICATION: UNKNOWN 
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(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 07/890,422 

(B) FILING DATE: 05/29/92 

5 (viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: MAYFIELD, DENISE L. 

(B) REGISTRATION NUMBER: 33,732 

(C) REFERENCE/DOCKET NUMBER: UTSD:296/MAY 

10 (ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 512-320-7200 

(B) TELEFAX: 512-474-7577 

(C) TELEX: NOT APPLICABLE 



15 



(2) INFORMATION FOR SEQ ID NO: 1: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 233 amino acid residues 

20 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

25 Leu Pro Glu Ser Trp Asp Trp Arg Asn Val Arg Gly lie Asn Phe 
15 10 15 

Val Ser Pro Val Arg Asn Gin Glu Ser Cys Ser Gly Cys Tyr Ser 

20 25 30 

30 

Phe Ala Ser Leu Gly Met Leu Glu Ala Arg He Arg He Leu Thr 

35 40 45 

Asn Asn Ser Gin Thr Pro He Leu Ser Pro Gin Glu Val Val Ser 
35 50 55 60 
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Cys Ser Pro Tyr Ala Gin Gly Cys Asp Gly Gly Phe Pro Tyr Leu 

65 70 75 

He Ala Gly Lys Tyr Ala Gin Asp Phe Gly Val Val Glu Glu Asn 
5 80 85 90 

Cys Phe Pro Tyr Thr Ala Thr Asp Ala Pro Cys Lys Pro Lys Glu 

95 100 105 

10 Asn Cys Leu Arg Tyr Tyr Ser Ser Glu Tyr Tyr Tyr Val Gly Gly 

110 115 120 

Phe Tyr Gly Gly Cys Asn Glu Ala Leu Met Lys Leu Glu Leu Val 

125 130 135 

15 

Lys His Gly Pro Met Ala Val Ala Phe Glu Val His Asp Asp Phe 

140 145 150 

Leu His Tyr His Ser Gly He Tyr His His Thr Gly Leu Ser Asp 
20 155 160 165 

Pro Phe Asn Pro Phe Glu Leu Thr Asn His Ala Val Leu He Val 
170 175 180 

25 Gly Tyr Gly Lys Asp Pro Val Thr Gly Leu Asp Tyr Trp He Val 

185 190 195 

Lys Asn Ser Trp Gly Ser Gin Trp Gly Glu Ser Gly Tyr Phe Arg 
200 205 210 

30 

Leu Arg Arg Gly Thr Asp Glu Cys Ala He Glu Ser He Ala Met 
215 220 225 



Ala Ala He Pro He Pro Lys Leu 
35 230 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 61 amino acid residues 

5 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

10 Xaa Leu Pro Thr Ser Xaa Asp Val Arg Asn Val His Gly lie Asn 
-11 5 10 

Phe Val Ser Pro Val Arg Asn Gin Ala Ser Cys Gly Ser Cys Tyr 
15 20 25 

15 

Ser Phe Ala Ser Met Gly Met Leu Glu Ala Arg He Arg lie Leu 
30 35 40 

Thr Xaa Asn Ser Gin Thr Pro He Leu Ser Pro Gin Glu Val Val 
20 45 50 55 

Ser 
60 

25 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acid residues 

30 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

35 Tyr Ala Gin Asp Phe Gly Leu Val Glu Glu Ala Ser Phe Pro Tyr 
1 5 10 15 



WO 93/24634 



PCT/US93/05093 



-111- 



Thr Xaa Xaa Asp 



5 (2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 44 amino acid residues 

(B) TYPE: amino acid 
10 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Tyr Tyr Ser Ser Glu Tyr His Tyr Val Gly Gly Phe Tyr Gly Gly 
15 1 5 10 15 

Met Asn Glu Ala Leu Met Lys Leu Glu Leu Val Arg His Gly Pro 

20 25 30 

20 Met Ala Val Ala Phe Glu Tyr Val Tyr Asp Phe Leu His Tyr 

35 40 



(6) INFORMATION FOR SEQ ID NO: 5: 

25 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
30 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 



GGCCACGCGT CGACTAGTAC XTTTTTTTTT TTTTTTT 

35 



37 
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(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
CUACUACUAC UAGGCCACGC GTCGACTAGT AC 32 



(2) INFORMATION FOR SEQ ID NO: 7 



15 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
20 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
GCATCATTCA TNCCNCCATA 20 

25 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 



CCAAAGTCCT GGGCATA 



17 
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(2) INFORMATION FOR SEQ ID NO: 9: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acid residues 

5 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

10 Glu Lys He He Gly Gly 
-1 1 



(2) INFORMATION FOR SEQ ID NO: 10: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acid residues 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 



Gly Glu He He Gly Gly 
-1 1 

25 (2) INFORMATION FOR SEQ ID NO: 11: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acid residues 

(B) TYPE: amino acid 
30 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 



Ser Glu He Val Gly Gly 
35 -1 1 
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(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acid residues 

5 (B) TYPE: amino acid 

( D ) TOPOLOGY : 1 inear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

10 Ala Glu He Val Gly Gly 
-1 1 

(2) INFORMATION FOR SEQ ID NO: 13: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acid residues 

(B) TYPE: amino acid 
( D ) TOPOLOGY : 1 inear 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Glu Arg He He Gly Gly 
-1 1 

25 (2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acid residues 

(B) TYPE: amino acid 
30 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 



Glu Glu He He Gly Gly 
35 -1 1 



WO 93/24634 



PCT/US93/05093 



-115- 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acid residues 

5 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

10 Glu Glu He Val Gly Gly 
-1 l" 

(2) INFORMATION FOR SEQ ID NO: 16: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acid residues 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Gly Ala Glu Ala Gly Glu He He Gly Gly 
-5 -1 1 

25 (2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acid residues 

(B) TYPE: amino acid 
30 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 



Thr Ala Leu Ala Ser Glu He Val Gly Gly 
35 -5 -1 1 
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(19) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acid residues 

5 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

10 Ala Ala Arg Ala Ala Glu He Val Gly Gly 
-5 -11 

(2) INFORMATION FOR SEQ ID NO: 19: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acid residues 

(B) TYPE: amino acid 
( D ) TOPOLOGY : 1 inear 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

Glu Asp Val Cys Glu Lys He He Gly Gly 
-5 -1 1 

25 (2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 
30 (C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 



35 ACAAAGTTGA TGCCATG 



17 
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(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

10 

TTGATTCCAT GNACATT 17 
(2) INFORMATION FOR SEQ ID NO: 22: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
CCAAAATCTT GNGCATA 17 
25 (2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 
30 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 



35 CCAAAGTCCT GNGCATA 
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(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

10 

CCAAAATCCT GNGCATA 17 
(2) INFORMATION FOR SEQ ID NO: 25: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
CCAAAGTCTT GNGCATA 17 
25 (2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 
30 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 



35 TTCAAAGGCA ACTGCCATGG G 



21 
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(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

10 

CTACAATTTA GGAATCGGTA TGGC 24 
(2) INFORMATION FOR SEQ ID NO: 28: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acid residues 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 

Ala Ala Pro Phe 
1 

25 (2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acid residues 

(B) TYPE: amino acid 
30 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 



Xaa Leu Pro Thr Ser Xaa Asp Val Arg 

35 -1 1 5 . 
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(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acid residues 

5 (B) TYPE: amino acid 

( D ) TOPOLOGY : 1 inear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

10 Asn Val His Gly He Asn Phe Val Ser Pro Val Arg 
15 10 

(2) INFORMATION FOR SEQ ID NO: 31: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acid residues 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 

Asn Gin Ala Ser Cys Gly Ser Cys Tyr Ser Phe Ala Ser Met Gly 
15 10 15 

25 Met Leu Glu Ala Arg 

20 

(2) INFORMATION FOR SEQ ID NO: 32: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acid residues 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 

lie Arg lie Leu Thr Xaa Asn Ser Gin Thr Pro lie Leu Ser Pro 
15 10 15 

5 

Gin Glu Val Val Ser 

20 

(2) INFORMATION FOR SEQ ID NO: 33: 

10 

(i) SEQUENCE CHARACTERISTICS:' 

(A) LENGTH: 22 amino acid residues 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

15 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 

Tyr Tyr Ser Ser Glu Tyr His Tyr Val Gly Gly Phe Tyr Gly Gly 
15 10 15 

20 

Met Asn Glu Ala Leu Met Lys 

20 

(2) INFORMATION FOR SEQ ID NO: 34: 

25 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 amino acid residues 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

30 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 

Leu Glu Leu Val Arg His Gly Pro Met Ala Val Ala Phe Glu Tyr 
15 10 15 

35 

Val Tyr Asp 
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(2) INFORMATION FOR SEQ ID NO: 35: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acid residues 

5 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 

10 Gly Met Leu Glu Ala Arg lie Arg 
1 5 

(2) INFORMATION FOR SEQ ID NO: 36: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acid residues 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 

Ala Val Ala Phe Glu Tyr Val Tyr Asp Phe Leu His Tyr 
15 10 

25 (2) INFORMATION FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acid residues 

(B) TYPE: amino acid 
30 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 

Ala Ala Val Ala 
35 1 
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(2) INFORMATION FOR SEQ ID NO: 38: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 

10 

TTGATNCCAT GNACATT 



17 
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CLAIMS ; 

1. A method for the treatment of inflammatory disease 
5 and malignancies of myeloid cell origin, comprising 
administering an agent having a structure: 

NH2-C-C-NH-C-X 
I II I 

io RiO R2 

wherein R x is H, -CH 2 OH, -CH(CH 3 ) 2/ -CH 2 CH (CH 3 ) 2 , or a 
lower alkyl, R 2 is a lower aklyl, CH 2 CH(CH 3 ) 2/ -CH 2 Phe, or 
CH 2 (p-hydroxyphenyl) or other uncharged alkyl, and X is - 
15 CHN 2 , -CH 2 F, or -CH 2 S(CH 3 ) 2 , wherein said agent selectively 
inhibits natural killer cells, cytotoxic T- lymphocytes 
and myeloid cells. 

20 2. The method of claim 1 wherein the agent is a thiol 
modifying agent. 

3. The method of claim 1 wherein the agent has 
25 specificity for human dipeptidyl peptidase-I. 

4. The method of claim 1 wherein the agent is further 
defined as glycyl -phenylalanine diazomethane , Gly-Phe- 

30 CH 2 F, Gly-Phe-CH 2 S(CH 3 ) 2 , Ser-Leu-CHN 2 , Ser-Tyr-CHN 2 , 

Norleucine-Norleucine-CHN 2l Val-Phe-CHN 2 , Ser-Leu-CH 2 F, 
Ser-Leu-CH 2 S (CH 3 ) 2 , Gly-Phe-CHN 2 or Gly-Leu-CH 2 F . 



35 



5. The method of claim 1 wherein the agent is glycyl- 
phenylalanine diazomethane (Gly-Phe-CHN 2 ) . 
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6, A human peptide isolatable from human spleen having 
a NH 2 -terminal amino acid sequence defined in figure 2. 



7. The human peptide of claim 6 further defined as 
human dipeptidyl peptidase-I and as having a molecular 
weight of about 200,000 daltons and a pi of about 5.4. 



10 8 . The human peptide of claim 6 wherein the peptide is 
specifically inhibited by Gly-Phe-CHN 2 . 



9. An oligonucleotide as part of a pharmaceutical 
15 preparation, said oligonucleotide having a nucleotide 

sequence which specifically binds the human DPPI gene or 
RNA and inhibits human DPPI synthesis. 



20 10. The oligonucleotide of claim 9 wherein the 

nucleotide sequences are complementary to the human DPPI 
messenger RNA strand. 



25 11. The oligonucleotide of claim 9 further defined as an 
antisense oligonucleotide. 



12. The oligonucleotide of claim 9 selected from the 
30 group consisting of: 

5' -AC-AAA-GTT-GAT-GCC-ATG-3 ' 
5' -TT-GAT-ICC-ATG-IAC-ATT-3' 
5' - CC - AAA- GTC - CTG - GGC-ATA- 3 ' 
35 5' -CC-AAA-ATC-TTG-IGC-ATA-3' 

5' -CC-AAA-GTC-CTG-IGC-ATA-3' 
5' -CC-AAA-ATC-CTG-IGC-ATA-3' 
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5' -CC-AAA-GTC-TTG-IGC-ATA-3' 

5' -GC-ATC-ATT-CAT-ICC-ICC-ATA-3' 

5 ' -TTC-AAA-GGC-AAC-TGC-CAT-GGG-3 ' 

5 ' -CTA-CAA-TTT-AGG-AAT-CGG-TAT-GGC-3 ' 

5 

13. The oligonucleotide of claim 9 comprising 
phosphorothioate modified nucleotides. 

10 

14 . A method for inhibiting a malignant cy of myeloid 
cell origin comprising: 

treating with a pharmacologically effective amount 
15 of an inhibitor of dipeptidyl peptidase- I 

sufficient to suppress cytotoxic T- lymphocyte 
activity, 

20 15. The method of claim 14 wherein the malignancy is 
leukemia . 

16 . The method of claim 14 wherein the inhibitor is a 
25 thiol modifying agent. 

17. The method of claim 14 wherein the inhibitor is 
glycyl -phenylalanine diazomethane, Gly-Phe-CH 2 F / Gly-Phe- 

30 CH2S(CH 3 ) 2/ Ser-Leu-CHN 2 ' Ser-Tyr-CHN 2 , Norleucine- 

Norleucine-CHN 2 , Val-Phe-CHN 2/ Ser-Leu-CH 2 F, Ser-Leu-CH 2 S 
(CH 3 ) 2/ Gly-Leu-CHN 2/ Gly-Phe-CHN 2 , or Gly-Leu-CH 2 F. 

35 18. The method of claim 14 wherein the inhibitor is an 
oligonucleotide capable of inhibiting human dipeptidyl 
peptidase- I gene expression. 
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19. The method of claim 18 wherein the oligonucleotide 
is an antisense oligonucleotide capable of inhibiting the 
synthesis of human dipeptidyl peptidase-I. 

5 20. The method of claim 14 wherein the inhibitor is Gly- 
Phe-CHN 2 . 



21. The method of claim 18 wherein the oligonucleotide 
10 is: 

5' -AC-AAA-GTT-GAT-GCC-ATG-3 ' 

5' -TT-GAT-TCC-ATG-IAC-ATT-3 ' 

5 ' -CC-AAA-GTC-CTG-GGC-ATA-3 ' 

5' - CC-AAA-ATC-TTG-IGC-ATA-3' 
15 5' -CC-AAA-GTC-CTG-IGC-ATA-3' 

5' -CC-AAA-ATC-CTG-IGC-ATA-3' 

5' -CC-AAA-GTC-TTG-IGC-ATA-3' 

5' -GC-ATC-ATT-CAT-ICC-ICC-ATA-3' 

5' -TTC-AAA-GGC-AAC-TGC-CAT-GGG-3' 
20 5' -CTA-CAA-TTT-AGG-AAT-CGG-TAT-GGC-3 ' 



22. A cancer chemotherapeutic agent for the treatment of 
a malignancy of myeloid cell or cytotoxic lymphocyte 
25 origin, said agent comprising an oligonucleotide capable 
of inhibiting dipeptidyl peptidase-I in myeloid or 
lymphoid origin malignant cells. 



30 23. A cancer chemotherapeutic agent for the treatment of 
malignacies of myeloid cell or cytotoxic lymphoid origin 
comprising a proteses inhibitor. 



35 



24. The cancer chemotherapeutic agent of claim 22 
further defined as an antisense oligonucleotide which 
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includes a sequence complementary to the messenger RNA 
for human depeptidyl peptidase- I. 

25. The cancer chemotherapeutic agent of claim 22 
5 wherein the malignancy is defined as leukemia, 

26. A cDNA for a human dipeptidyl peptidase- I gene 
consisting essentially of a nucleotide sequence which 

10 encodes an N-terminal fragment of human DPPI. 

27. An expression vector including the cDNA of claim 26. 

15 

28. The expression vector of claim 27 wherein the vector 
is pCB6 or pGEM3Zf . 

20 29. A method for treating a bone marrow tissue 
comprising: 

treating a bone marrow tissue graft with a 

therapeutically effective amount of an 
25 antisense oligonucleotide capable of specific 

inhibiting a human dipeptidyl peptidase- I gene. 

30. The method of claim 29 wherein the antisense 
oligonucleotide is resistant to nuclease degradation. 

30 

31. The method of claim 29 wherein the oligonucleotide 
is selected from the group consisting of: 

35 5' -AC-AAA-GTT-GAT-GCC-ATG-3' 

5 ' -TT-GAT-TCC-ATG- IAC-ATT- 3 9 
5' -CC-AAA-GTC-CTG-GGC-ATA-3' 
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5' -CC-AAA-ATC-TTG-IGC-ATA--3' 



5' -CC-AAA-GTC-CTG-IGC-ATA-3' 



5' -CC-AAA-ATC-CTG-IGC-ATA-3' 



5' -CC-AAA-GTC-TTG-IGC-ATA-3' 



5 



5' -GC-ATC-ATT-CAT-ICC-ICC-ATA-3' 



5' -TTC-AAA-GGC-AAC-TGC-CAT-GGG-3' 



5' -CTA-CAA-TTT-AGG-AAT-CGG-TAT-GGC-3' 



10 32. The method of claim 29 wherein the antisense 
oligonucleotide inhibits dipeptidyl peptidase -I 
activation of serine protease proenzymes. 

15 33 • The method of claim 32 wherein the serine protease 
proenzymes are cathepsin G and elastase. 

34. A method for preparing an about 1,000-fold purified 
20 human dipeptidyl peptidase- I comprising: 



obtaining a human spleen tissue; 



25 



homogenizing the tissue in an acidic hypotonic 
homogenization buffer in a ratio of 5 ml 
buffer/1 gram tissue; 



obtaining a pellet and a first supernatant from the 
homogenate; 



30 



35 



reextracting the pellet from the tissue homogentate 
in a volume of the acidic hypotonic 
homogenization buffer with Triton X-100 of 
about 2.5 ml per gram of the pellet and saving 
a second supernatant; 
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combining the first supernatant and the second 
supernatant ; 

heating the combined supernatants to about 55-60°C 
5 for about 30 minutes; 

cooling the heated supernatant to room temperature 
and adjusting the pH to about 7.5; 

10 passing the combined supernatant homogenized sample 

over a concavalin A- agarose column; 

eluting dipeptidyl peptidase- I from the column and 
collecting the chromatographed sample; 

15 

passing the chromatographed sample over a mercurial 
affinity chromatography column and collecting a 
human dipeptidyl peptidase- I fraction; and 

20 concentrating the human dipeptidyl peptidase -I 

fraction on a high capacity anion exchange 
resin and resolving the fraction by gel 
filtration to provide a 1,000-fold purified 
preparation of human dipeptidyl peptidase-I, 



25 



wherein about 100 grams of human dipeptidyl peptidase-I 
is provided per 100 grams of human spleen tissue. 



30 35. An inhibitor of dipeptidyl peptidase-I comprising a 
structure : 

NH2-CH-C-NH-CH-X 

I II I 
RlO 

35 wherein R 2 is H, -CH 2 OH, -CH(CH 3 ) 2 , -CH 2 CH (CH 3 ) 2 , or a 

lower alkyl, R 2 is a lower alkyl and X is -CHN 2 , -CJ^F, or 
-CH 2 S(CH 3 ) 2 , and wherein said agent selectively inhibits 
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natural killer cells, cytotoxic T- lymphocytes and myeloid 
cells. 

5 36. The inhibitor of claim 35 further defined as a thiol 
modifying agent. 

37. The inhibitor of claim 35 further defined as 
10 glycylphenylalanine diazomethane, Gly-Phe-CH 2 F, Gly-Phe- 
CH 2 S(CH 3 ) 2 , Ser-Leu-CHN 2/ Ser-Tyr-CHN 2 , Norleucine- 
Norleucine-CHN 2/ Val-Phe-CHN 2 , Ser-Leu-CfyF, Ser-Leu-CH 2 S 
(CH 3 ) 2 , Gly-Leu-CHN 2/ Gly-Phe-CHN 2 or Gly-Leu-CI^F . 

15 38. The inhibitor of claim 35 further defined as Gly- 
Phe-CHN 2 . 

39. A pharmaceutical preparation for the inhibition of 
20 natural killer cells, cytotoxic T-lymphocytes or myeloid 

cells comprising a therapeutically effective 
concentration of Gly-Phe-CHN 2 in a pharmacologically 
acceptable carrier. 

25 

40. An inhibitor of dipeptidyl peptidase-1 comrpising a 
structure : 

R3-NH-CRj-CO-NH-CR 2 -X 

30 wherein R x is H, -CH 2 OH, -CH(CH 3 ) 2/ -CH 2 CH (CH 3 ) 2 , or a 
lower alkyl, R 2 is a lower alkyl, wherein X is -CHN 2 , - 
CI^F, or -CH 2 S(CH 2 ) 2 , and wherein R 3 is an amine -terminal 
blocking group, amino acid or peptide, wherein said 
inhibitor selectively inhibits natural killer cells, 

35 cytotoxic T-lymphocytes and myeloid cells. 
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41. The inhibitor of claim 40 further defined as a thiol 
modifying agent* 

5 42, The inhibitor of claim 40 further defined as 

comprising Z-Phe-Ala-CHN 2 , Z-Phe-Gly-Phe-CHN 2 , Z-Gly-Pro- 
CHN 2 , or Z-Ala-Phe-Ala-CHN 2 . 

10 43. The inhibitor of claim 40 further defined as Z-Phe- 
Gly-Phe-CHN 2 . 

44. The inhibitor of dipeptidyl peptidase-1 of claim 40 
wherein R 3 is benzyloxycarbonyl . 

15 

45. The inhibitor of dipeptidyl peptidase-1 of claim 40 
wherein the R 3 -N bond is cleavable by a cellular enzyme. 

20 

46. A pharmaceutical preparation for the inhibition of 
natural killer cells, cytotoxic T- lymphocytes or myeloid 
cells comprising the dipeptidyl peptidase-1 inhibitor of 
claim 37 in a pharmaceutically acceptible carrier 

25 solution. 
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H XLPTSXDVRNV HGINFVSPVR NQASCGSCYS FASMGMLEAR IRILTNNSQT 
R LPESWDWRNV RGINFVSPVR NQESCGSCYS FASLGMLEAR IRILTNNSQT 
** * * *** ******** ** ******* *** ****** ********** 

H PILSPQEWS CSQYAQGCEG GFHTLLPGKY AQDFGLVEEA SFPYTGTDSH 
R PILSPQEWS CSPYAQGCDG GFPYLIAGKY AQDFGWEEN CFPYTATDAP 
********** ** ***** * * * *** ***** *** **** ** 

H AM-RD-CFRY YSSEYHYVGG FYGGMNEALM KLELVRHGPM AVAFEYVYDF 
R CKPKENCLRY YSSEYYYVGG FYGGCNEALM KLELVKHGPM AVAFEVHDDF 
* ** ***** **** **** ***** ***** **** ***** ** 

H LHYKRGIIHH TGLSDPFNPF ELTNHAVLLV GYGYLTHSSG MDTWIVKNSW 
R LHYHSGIYHH TGLSDPFNPF ELTNHAVLIV GYGKDPVT-G LDYWIVKNSW 
*** ** ** ********** ******** * *** * * ******* 

H GSCWGESGYFR IRRGTDECAI ESIAMAAIPI PKL 
R GSQWGESGYFR IRRGTDECAI ESIAMAAIPI PKL 
** ******** ********** ********** *** 
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FIGURE 3 
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FIGURE 4 
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FIGURE 5 
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FIGURE 6 
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FIGURE 7 
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FIGURE 8 
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FIGURE 9 
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FIGURE 10 
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FIGURE 11 
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FIGURE 12 




4 S 6 7 8 

INCUBATION pH 



WO 93/24634 PCT/US93/05093 

13/23 

FIGURE 13 
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WO 93/24634 



14/23 



PCT/US93/05093 




WO 93/24634 



15/23 



PCT/US93/05093 




WO 93/24634 



16/23 



PCI7US93/05093 




WO 93/24634 



PCT/US93/05093 



17/23 




(uiu QltV) 3SVU31S3 l"ia 



SISA10UAH VNd-VW-^nS 



WO 93/24634 PCT/US93/05093 

19/23 



FIGURE 19 
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FIGURE 21 
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R TTGCCAGAATCTTGGGACTGGAGAAACGTCCGTGGCATCAATTTTGTTAGCCCT 

H TCCTGTGGCAGCTGCTACTCATTTGCTTCTATGGGTATG 

R GTTCGAAACCAAGAATCTTGTGGAAGCTGCTACTCATTTGCCTCTCTGGGTATG 

4 . H CTAGAAGCGAGAATCCGTATACTAACCAACAATTCTCAGACCCCAATCCTAAGC 

R CTAGAAGCAAGAATTCGTATATTAACCAACAATTCTCAGACCCCAATCCTGAGT 

H CCTCAGGAGGTTGTGTCTTGTAGCCAGTATGCTCAAGGCTGTGAAGGCGGCTTC 

R CCTCAGGAGGTTGTATCTTGTAGCCCGTATGCCCAAGGTTGTGATGGTGGATTC 

H CATACCTTATTGCCAGGAAAGTACGCCCAAGATTTTGGACTGGTGGAAGAAGCT 

R CCATACCTCATTGCAGGAAAGTATGCCCAAGATTTTGGGGTGGTGGAAGAAAAC 

H TGCTTCCCCTACACAGGCACTGATTCTCATGCAATGAGA GACTGCTTT 

R TGCTTTCCCTACACAGCCACAGATGCTCCATGCAAACCAAAGGAAAACTGCCTC 

H CGTTATTACTCCTCTGAGTACCACTATGTAGGAGGATTCTATGGAGGCTGCAAT 

R CGTTACTATTCTTCTGAGTACTACTATGTGGGTGGTTTCTATGGTGGCTGCAAT 

H GAAGCCCTGATGAAGCTTGAGTTGGTCAT GGGCCCATGGCAGTTGCTTTT 

R GAAGCCCTGATGAAGCTTGAGCTGGTCAAACACGGACCCATGGCAGTTGCCTTT 

H GAAGTATATGATGACTTCCTCCACTACAAAAXXXGGATCATCCACCACACTGGT 

R GAAGTCCACGATGACTTCCTGCACTACCACAGTGGGATCTACCACCACACTGGA 

H CTAAGAGAGCCTTTCAACCCCTTTGAGCTGACTAATCATGCTGTTCTGCTTGTG 

R CTGAGCGACCCTTTCAACCCCTTTGAGCTGACCAATCATGCTGTTCTGCTTGTG 

H GGCTATGGCTACTTGACTCACTTCTCTGGGATGGATTACTGGATTGTTAAAAAC 

R GGCTATGGA AAAGATCCAGTCACTGGGTTAGACTACTGGATTGTCAAGAAC 

H AGCTGGGGTCACTCGGTCTGGGGTGAGAATGGCTACTTCCGGATCCGCAGAGGA 

R AGCTGGGGC TCTCAATGGGGTGAGAGTGGCTACTTCCGGATCCGCAGAGGA 

H ACTGATGAGTGTGCAATTGAGAGCATAGCAGTGGCAGCCATACCGATTCCTAAA 

R ACTGATGAATGTGCAATTGAGAGTATAGCCATGGCAGCCATACCGATTCCTAAA 

H TTGTAG 

R TTGTAG 



Fig. 22 
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H XLPTSXDVRNVHGINPVSPVRNQASCGSCYSFA8MGMLEARIRILTNNSQT 

R LPESWDWRNVRGINFVSPVRNQESCGSCYSFASLGMLEARIRILTNNSQT 

H PILSPQEWSCSQYAQGCEGGFHTLLPGKYAQDPGLVBEACPPYTGTDSH 

R PILSPQEWSCSPYAQGCDGGFPYLIAGKYAQDFGWEENCFPYTATDAP 

H AM-RD-CFRYY88EYHYVGGPYGGMNEALMKLBLVRHGPMAVAPEYVYDP 

R CKPKENCLRYYSSEYYYVGGFYGGCNEALMKLELVKHGPMAVAFEVHDDF 

* * 

H LHYKXGI IHHTGLRDPFNPFELTNHAVLLVGYGYLTHSSGMDTWIVKNSW 

R LHYHSGIYHHTGLSDPFNPFELTNHAVLIVGYGKDPVT-GLDYWIVKNSW 

H GSCWGESGYFRIRRGTDECAIESIAMAAIPIPKL 

R GSQWGESGYFRIRRGTDECAIESIAMAAIPIPKL 
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